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X.
THE IMPORTANCE OF THE PRECIPITIN TB3T 
IN FORENSIC MEDICINE.,
The la b o r a to r y  ex a m in a t io n  o f  b lo o d  s t a i n s  I s  
one o f  th e  most im p ortan t t a s k s ,  w hich  a m e d lo a l  j u r i s t  
I s  f r e q u e n t l y  c a l l e d  upon t o  u n d ertake In  th e  cou rse  o f  
! h i s work. The e x i s t i n g  c h e m ic a l  t e s t s ,  supp lem ented  by 
t h o s e  w hich  may be c a r r ie d  out w i th  th e  hand s p e c t r o ­
s c o p e ,  th e  m io r c - s p e o tr o s c o p e  and th e  m icroscop e  i t s e l f  
I  a r e  su c h ,  t h a t  a v e r y  d e f i n i t e  o p in io n  may be g iv e n  as  
I t o  w h eth er  t h e  s u b s ta n c e  com posing a s t a i n  i s  t h a t  o f  
I b l o o d .  In  m e d ic o - l e g a l  work, how ever, i t  i s  im portant  
I t h a t  a d e f i n i t e  o p in io n  be e x p r e s se d  a s  t o  w hether  th e  
I b lo o d  composing a  s t a i n  i s  th e  b lo o d  o f  a human b e in g ,
I  a s  opposed t o  t h a t  o f  o th e r  a n im a ls  b e lo n g in g  t o  th e  
mammalian g rou p . In  o rd er  t o  a r r iv e  a t  such  an  
o p in io n ,  th e  P r e c i p i t i n  or S e r o l o g i c a l  T est  must be 
em ployed. Hauser^ has s t a t e d  t h a t  "The r e s p o n s i b i l i t y  
" i s  v e r y  g r e a t  when one makes a f o r e n s i c  b lo o d  exam ina­
i t !  on by th e  s e r o - d la g n o s t i  o m ethod, and can o n ly  be 
"undertaken  by t h o s e  who a re  th o r o u g h ly  co n v e r sa n t  w ith  
"the  method, and have a t  t h e i r  command a l l  th e  c o n d i t io n s  
" n e c e s s a r y  f o r  trustvi/orthy work" . Q-raham-Smith and F . 
Sangerg s t a t e  a s  th e  r e s u l t  o f  t h e i r  ex p er im en ts  w ith  
t h i s  t e s t  t h a t  "These ex p er im en ts  have l e d  u s  t o  th e  
" c o n c lu s io n  t h a t  w i th  s u f f i c i e n t  m a t e r i a l s ,  and due 
" p r e c a u t io n  t o  e x c lu d e  th e  v a r io u s  s o u r c e s  o f  e r r o r ,
I " th e r e  a re  but few  œ n d i t i ons met w i t h  i n  f o r e n s i c  
^ p r a c t i c e  under w hich  human c o u ld  n o t  be r e a d i l y  
I " d i f f e r e n t ia t e d  from o th e r  b lo o d s .  ■ By t h i s ,  how ever,
I " we do n ot mean t o  im ply t h a t  a  c o n s id e r a b le  
" acq u a in tan ce  w ith  th e  a c t i o n  o f  p r e c i p i t a t i n g  
" a n t i s e r a  on b lo o d  s o lu t i o n s  i s  n o t  n e c e s s a r y  In th e  
" s u c c e s s f u l  a p p l i c a t i o n  o f  t h i s  t e s t " .  The t e s t  I s  
now o f f i c i a l l y  r e c o g n is e d  by th e  law c o u r t s  o f  
s e v e r a l  cou n tr i e s . There can be no doubt t h a t  when 
an /
i  '
2.
an  I n d iv id u a l  e x p r e s s e s  an o p in io n  t h a t  a b lo o d  s t a i n  is  
composed o f  human b lo o d ,  he s h o u ld e r s  a v e r y  grave  
r e s p o n s i b i l i t y ,  a s  h i s  f i n d i n g  may in v o lv e  th e  l i f e  o f  
an a c c u se d  p e r so n  on t r i a l  f o r  murder. E x p e r ie n c e ,  
f a u l t l e s s  t e c h n iq u e  and p a t ie n c e  a r e  t h e r e f o r e  
e s s e n t i a l s  b e fo r e  an exam iner sh o u ld  e x p r e s s  such a 
v i e w .  Having regard  to  th e  i n c r e a s in g  im portance o f  
th e  t e s t ,  i t  seems u n fo r tu n a te  t h a t  a p a r t  from th e  work 
o f  a few i n v e s t i g a t o r s ,  s y s t e m a t i c  r e s e a r c h  upon th e  
m ed iC O -lega l a s p e c t  o f  t h i s  l i n e  o f  e x a m in a t io n ,  has  
b een  n e g le c t e d  In  th e  B r i t i s h  I s l e s .  Graham-Smith and 
p .  Sanger2  have made comment on t h i s  m a t te r ,  and have  
s t a t e d  t h a t  "In t h i s  c o u n tr y ,  how ever, w ith  th e  
' e x c e p t io n  o f  N u t t a l l  and Grünbaum, none have y e t  worked  
t s y s t e m a t i c a l l y  on th e  s u b j e c t  i n  any o f  i t s  a s p e c t s ,  
tand  i n  f o r e n s i c  p r a c t i c e  i t  has been  c o m p le te ly  
n e g le c t e d " .  A s tu d y  o f  th e  b ib l io g r a p h y  from 1900-1924  
r e v e a l s  th e  f a c t  t h a t  few  B r i t i s h  i n v e s t i g a t o r s  have  
w r i t t e n  a t  any le n g th  upon th e  t e s t  i n  r e l a t i o n  t o  
m e d ic o - l e g a l  work. This f a c t , In  c o n ju n c t io n  w ith  th e  
o p in io n  o f  Nutt a 11^ w hich  he s t a t e s  a t  th e  c o n c lu s io n  
o f  h i s  f a r  r e a c h in g  work on B lood  Immunity and 
R e la t io n s h ip ,  and i s  e x p r e s se d  a s  f o l l o w s : -  "The 
'fe x h a u s t iv e  tr e a tm e n t  w hich our p r e s e n t  knowledge o f  th e  
" p r e c l p l t i n s  has r e c e i v e d ,  s h o u ld  prove o f  u se  t o  o t h e r s ,  
'fand I hope t h a t  th e  work done w i l l  s t im u la t e  many to  
" fu r th e r  I n v e s t i g a t e  th e  many problem s w hich  p r e s e n t  
" th e m se lv e s" ,  s t im u la te d  th e  w r i t e r  t o  make I n v e s t i g a -  
!t i  ons I n to  some o f  th e  more obscure  problem s r e l a t i n g
j to  th e  t e s t  i n  i t s  m e d ic o - l e g a l  a p p l i c a t i o n .
i
I I .
THE EVOLUTION OF THE TES'T.
The h i s t o r y  o f  th e  t e s t  i s  Im portant and i s  of 
[ i n t e r e s t  t o  th e  r e s e a r c h  w ork er . In  1897 Kraus4  proved  
I  t h a t  by Immunising an anim al w ith  i n j e c t i o n s  o f  a  
c u l t u r e  o f  a m icro b e , a  serum could  be o b ta in e d  from  
[ th a t a n im a l , which when added t o  a f i l t e r e d  c u l t u r e  o f  
t h l  a /
5.
t h i s  m ic ro b e ,  produced  a p r e c i p i t a t e  i n  i t .  T h e r e a f t e r  
B ord et  showed t h a t  i f  a r a b b it  be immunised by 
i n t r a p e r i t o n e a l  i n j e c t i o n s  o f  a m ilk  s u b j e c t e d  t o  a 
tem p era tu re  o f  6 7 ° c e n t ig r a d e ,  th e  r a b b i t  w i l l  y i e l d  a 
serum w h ich  w i l l  p r e c i p i t a t e  t h i s  m i lk .  Qengou^ s t a t e d  
t h a t  th e  la c to sé r u m  produced by a g o a t ,  sh eep  or cow, 
gave t h e  same r e a c t i o n  on th e  m ilk  o f  a g o a t ,  sheep  or  
j cow, but t h a t  a d i f f e r e n c e  was shown when human c r  m a re 's  
I m ilk  was t e s t e d .  T o h i s t o v i t o h ^ , by g i v i n g  c e r t a i n  
I a n im a ls  d o se s  o f  p o iso n o u s  e e l  serum, was a b le  t o  o b ta in
I
a s p e c i f i c  p r e c i p i t a t i n g  a n t i  serum f o r  e e l  serum.
N u t t a l l ^  c a r r i e d  out a v a s t  number o f  e x p er im en ts  to  
d eterm in e  t h e  d egree  o f  s p e c i f i c i t y  o f  th e  p r e c l p l t i n s .
A summary o f  h i s  ex p er im en ts  w i l l  r e v e a l  th e  e x t e n t  o f  
h i s  work.
A ntiserum  f o r Number o f  T e s t s .
Man. 8 2 5 .
Chim panzee. 4 7 .
Ourang. 8 1 .
Geroopi t h e e u s . 7 3 3 .
H edgehog. 3 8 5 .
C a t . 7 8 5 .
R e in d e e r . 6 9 .
H og-D eer. 6 9 9 .
A n t e lo p e . 6 s 6 .
o x . 7 9 0 .
S h e e p . 7 0 1 .
H o r s e . 7 9 0 .
D onkey. 9 4 .
Z eb ra . 9 4 .
Whal0 /
C ontinued .
A ntiserum  f o r
"Whale.
W allaby.
Number o f  T e s t s
94.
691.
Fowl. 792.
O s tr ic h .
Fowl egg .
Emu egg.
649.
789.
630.
T u r t le . 6 6 6 .
A l l i g a t o r . 468.
Frog. 551.
L o b s te r . 450.
Hyaena. 378.
Dog, 777.
S e a l . 358
Pig. SIS
Llama. 363.
Mexican d eer . 749,
T o ta l  No. o f  T e s ts  r 1 6 ,0 0 0 .
I t  would appear from the  r e s u l t  o f  h i s  
i n v e s t i g a t i o n s  th a t  an an tiseru m  o f  a g iv e n  anim al w i l l
produce a p r e c i p i t a t e  in  the  b lo o d  serum o b ta in e d  from  
a s im i l a r  anim al or one c l o s e l y  r e l a t e d  to  i t .  He a l s o  
dem onstrated, th a t  "the d egree and r a te  o f  b lo o d  r e a c t io n  
"appear to  o f f e r  an in d e x  o f  the  degree  o f  b lo o d  
" r e l a t io n s h ip ,  in  o th e r  w ords, c l o s e l y  r e l a t e d  b lo o d s  
" rea c t  more p o w e r fu l ly  (more p r e c i p i t i n )  and more
" ra p id ly  than do d i s t a n t l y  r e l a t e d  b lo o d s ,  p ro v id ed  th e  
" l a t t e r /
" l a t t e r  r e a c t  a t  a l l ,
"Like o th e r  l i n e s  o f  i n v e s t i g a t i o n ,  t h i s  one 
"appeared r e l a t i v e l y  s im p le  a t  f i r s t ;  i t  i s  e v i d e n t ,  
"how ever, now t h a t  th e  phenomena o f  p r e c i p i t a t i o n  a re  o f  
"an e x c e e d in g ly  complex nature"  .
I p e r  m e d ic o - l e g a l  p u r p o s e s ,  advan tage  i s  ta k e n
o f  th e  f a c t ,  t h a t  by i n j e c t i n g  an a n im a l ,  u s u a l l y  a 
: r a b b i t ,  w i t h  d e f ib r i n a t e d  b lood  o f  an u n r e la te d  a n im a l ,  
an a n t ise r u m  i s  produced i n  th e  r a b b i t ’ s  b lo o d -  This  
a n t is e r u m  w i l l  p r e c i p i t a t e  th e  serum o f  th e  an im al whose 
i b lo o d  was I n j e c t e d  or  o f  an an im al c l o s e l y  r e l a t e d  t o  I t .  
i T h l8 r e a c t i o n  c o n s t i t u t e s  th e  p r i n c i p l e  o f  th e  p r e c i p i t i n  
t e s t .  U hlenhuthg must be c r e d i t e d  w i th  th e  d i s t i n c t i o n  
o f  b e in g  th e  f i r s t  t o  p u b l i s h  r e s u l t s  o f  t e s t s  o f  
im portance  i n  r e l a t i o n  t o  th e  v a lu e  o f  th e  p r e c i p i t i n  
t e s t  and i t s  p o s s i b i l i t i e s  in  c r im in a l  w ork. He 
i n j e c t e d  r a b b i t s  w ith  human b lo o d  and t e s t e d  th e  . 
a n t i  serum on n in e t e e n  d i f f e r e n t  b lo o d s ,  f in d i n g  o n ly  a 
p o s i t i v e  p r e c i p i t i n  r e a c t i o n  w i th  human b lo o d .
I Almost im m ed ia te ly  Wassermann^ d em on strated
ex p er im en ts  w hich he had made w i th  s ohütze, s im i l a r  to  
t h o s e  o f  U hlenhuth, a t  th e  P h y s i o l o g i c a l  S o c i e t y  B e r l in  
( 19 0 1 ) .  He showed t h a t  w ith  anti-hum an serum, a
i
I p o s i t i v e  r e a c t i o n  was g iv e n  o n ly  w i th  human b lo o d  and 
I th e  b lo o d  o f  th e  monkey.
prom t h a t  t im e r e p e a te d  ex p er im en ts  have been  
con d u cted  by many i n v e s t i g a t o r s  t o  determ ine th e  
i s p e c i f i c i t y  o f  th e  p r e c i p i t i n  t e s t .  In  t h i s  c o n n e c t io n  
;th e  names o f  S o h ü tz e , S t e r n ,  Ziemke, N u t t a l l ,  Graham- 
iSm ith  and Sanger among o th e r s  sh o u ld  be m en tio n ed . In  
I 9 0 I U h l e n h u t h p u b l i s h e d  r e s u l t s  o f  ex p er im en ts  w ith  
jthe  t e s t ,  u s in g  b lo o d  s t a in e d  a r t i c l e s .  He o b ta in e d  
[ p o s i t i v e  r e a c t io n s  w ith  human b lo o d  s t a i n s  upon a s t i c k ,  
[sand , c o t t o n ,  a c o a t ,  t r o u s e r s ,  a h a tc h e t  and o th e r  
a r t i c l e s .  With a n t i - p i g  serum he o b ta in e d  p o s i t i v e  
r e a c t i o n s  w i t h  p i g  b lo o d  s t a i n s  on l i n e n .
B hrlioh^^  and o th e r s  r e c o g n is e d  th e  s p e c i f i c
c h a r a c t e r /
o h a r a o te r  o f  p r e c l p l t i n s .  The m a jo r i ty  o f  th e  
a u t h o r i t i e s  upon th e  p r e c i p i t i n  t e s t  a r e  a g reed  a s  to  
i t s  s p e c i f i c i t y .  Those h o ld in g  t h i s  v ie w  a re  N u t t a l l ,  
Wassermann, S o h ü tz e ,  U h len h u th , F lo r e n c e ,  Kraus, M irto  
among many o t h e r s .  S u th e r la n d ^^ 2 s t a t e s  t h a t  in  a 
p r i v a t e  com m unication , W ilcox  e x p r e s s e s  h i s  fa v o u r  o f  
th e  t e s t .  U hlenhuth  In  I 9 0 I 13 r e p o r te d  t h a t  h i s  a n t i -  
human serum had i d e n t i f i e d  human b lo o d  w hich  had been  
d r ie d  f o r  th r e e  months. I t  i s  o f  i n t e r e s t  t o  n o te  th e  
r e s u l t s  o f  h i s  e x p er im en ts  w i t h  b lo o d  s t a i n s ,  th e  
o r i g i n s  o f  w hich  were unknown t o  h im . By means o f  th e  
t e s t  he was a b le  to  i d e n t i f y  human b lo o d  upon a  
b lu d g e o n , when mixed w i th  s a n d , when imposed upon 
w o o l le n  c l o t h ,  th e  s t a i n  in  t h i s  in s t a n c e  b e in g  fo u r  
y e a r s  o l d ,  and from s t a i n s  on th e  f o r k  and opening  o f  
t r o u s e r s .  He a l s o  t e s t e d  f o r  th e  so u r ce  o f  p u t r e f i e d  
b lo o d  o f  man, h o r s e ,  a s s ,  o x ,  sh e e p ,  d og , c a t ,  g o o s e ,  
f o w l ,  h a r e ,  r a b b i t , and s t a g ,  by em ploying th e  v a r io u s  
s p e c i f i c  p r e c i p i t a t i n g  a n t i  s e r a .
I l l .
THE T3GHNIQ.UB OF THE TEST.
In  ord er  t o  m a ster  th e  t e c h n iq u e  o f  th e  
I  p r e c i p i t i n  t e s t  and t o  i n v e s t i g a t e  c e r t a i n  problems in  
! i t s  a p p l i c a t i o n ,  th e  w r i t e r  d ev o ted  a c o n s id e r a b le  
I p e r io d  o f  t im e  i n  th e  la b o r a to r y ,  s tu d y in g  th e  t e s t  i n  
I each  o f  i t s  s t a g e s .  He f u l l y  r e a l i s e d  t h a t  a c a r e f u l  
s tu d y  o f  th e  i n t e g r a l  s t e p s  i n  th e  t e c h n iq u e  i s  
e s s e n t i a l ,  b e fo r e  an o b se r v e r  i s  i n  a p o s i t i o n  t o  carry  
i  out th e  t e s t  a c c u r a t e ly  and t o  a p p r e c ia t e  and i n t e r p r e t  
i  th e  r e s u l t s  o b t a in e d .  I t  I s  Obvious., t h a t  
I b e fo r e  th e  t e s t  can be a p p l i e d  t o  a s t a i n ,  th e  
I su b s ta n c e  composing i t  must be brought in t o  s o l u t i o n .
I By s t e e p in g  th e  s t a in e d  m a te r ia l  i n  normal s a l i n e , i t  i s
I -
I  e a s y  t o  o b ta in  su ch  i f  th e  s t a i n  be composed o f  b lo o d ,  
p r o v id e d  i t  has n o t been f i x e d  by any a g e n t .  The 
w r i t e r  c o n f in e d  h im s e l f  e x c l u s i v e l y  t o  t h i s  s o lv e n t  
; th r o u g h o u t /
7th ro u g h o u t  h i s  t e s t s  and found i t  most e f f i c i e n t .
C e r ta in  o b se r v e r s  have recommended th e  u se  o f  c e r t a i n  
c h e m ic a l  s o l u t i o n s  t o  f a c i l i t a t e  s o l u t i o n  o f  a s t a i n  o f  
o ld  s t a n d in g ,  or  where th e  s t a i n  had been a c t e d  upon by 
t a n n i c  a c i d  a s  i n  c e r t a i n  woods or  l e a t h e r s .  The w r i t e r  
d id  n o t  f i n d  t h i s  n e c e s s a r y .
N u t t a l l 14  s t a t e s  t h a t  he en co u n tered  b lo o d s  
w h ich  would n o t  p a ss  in t o  s o l u t i o n  even  a f t e r  s t e e p i n g  
i n  s a l i n e  f o r  24  hours a t  37^0. The b lo o d  s t a i n s  used  
by th e  w r i t e r  d id  n ot cause  t h i s  d i f f i c u l t y  even  a f t e r  
g r e a t  h e a t  had b een  a p p l i e d  t o  th em . N u t t a l l  a l s o  found  
t h a t  b lo o d s  se n t  t o  him from h o t  c o u n t r ie s  where t h e y  
had been  d r ie d  on f i l t e r  p a p er ,  r e f u s e d  t o  go in t o  
s o l u t i o n  w ith  s a l i n e .
I t  i s  e s s e n t i a l  t h a t  th e  s o l u t i o n  o f  th e  s t a i n  
be a s  f r e e  from haze a s  p o s s i b l e  b e fo r e  a p p ly in g  th e  
a n t is e r u m ,  l e s t  a p o s i t i v e  r e a c t i o n  be masked by an 
e x i s t i n g  haze or t u r b i d i t y .  I f  th e  s o l u t i o n  o f  th e
! b lo o d  s t a i n  c o n ta in s  d e b r i s ,  i t  can r e a d i l y  be c l e a r e d
I
I by s im p le  f i l t r a t i o n  or b e t t e r  s t i l l  by c e n t r i f u g a l i s a -  
; t i o n ,  th e  su p ern a ta n t  f l u i d  b e in g  withdrawn by a p i p e t t e  
and th e  d e b r is  l e f t  a t  th e  bottom  o f  th e  t u b e .  A c l e a r  
i s o l u t i o n  o f  th e  s t a i n  h a v in g  been  o b ta in e d ,  d i f f i c u l t y  
i w i l l  be en cou n tered  i n  d e te r m in in g  th e  s t r e n g t h  o f  
I d i l u t i o n  o f  th e  b lood' serum w hich  has been  e x t r a c t e d .  
S in c e  a drop o f  b lo o d  on an a v era g e  o c c u p ie s  an a r e a  o f  
a t e n  p fe n n ig  p i e c e  or  a s ix p e n c e ,  a p o r t io n  o f  th e  
s t a i n  ap p ro x im a tin g  one drop o f  b lo o d  sh o u ld  be e x c i s e d .  
T h is  e s t im a t io n ,  o f  c o u r s e ,  depends upon w h eth er  th e  
b lo o d  has been Imposed upon t h i c k  or  t h i n  m a t e r i a l ,  
w h eth er  or n ot i t  i s  a b so r b e n t ,  and i f  s o ,  w hether  v e r y  
a b s o r b e n t .  A nother f a c t o r  f o r  c o n s id e r a t io n  I s  w hether  
i t h e  b lo o d  was in  a p a r t i a l l y  c l o t t e d  s t a t e  when a p p l ie d  
I t o  th e  a r t i c l e  under e x a m in a t io n .  The p r e se n c e  o f  c l o t  
may be s e e n  i n  a s t a i n ,  and e x p e r ie n c e  w i l l  d i c t a t e  what 
g e n e r a l  a l lo w a n ce  e i t h e r  way must be made t o  o b ta in  an 
a r e a  o f  s t a i n  l i k e l y  t o  have been  covered  by one drop o f  
I b l o o d . /
8b lo o d ,  \Vhen t h e  s t a i n s  under e x a m in a t io n  oooupy a 
l e s s e r  a r e a  th an  t h a t  o f  a s ix p e n c e ,  an e s t im a t io n  
sh o u ld  be made h a v in g  reg a rd  t o  t h i s  rough s ta n d a r d .
I The d e t e r m in a t io n 'o f  t h e  d egree  o f  d i l u t i o n  o f  b lo o d  
serum i s  n e c e s s a r y  f o r  m e d ic o - l e g a l  work, a s  th e  h ig h e r  
t h e  d i l u t i o n  y i e l d i n g  a p o s i t i v e  r e a c t i o n  th e  more
s p e c i f i c  i s  th e  t e s t .  There can be l i t t l e  doubt a s  t o
! ■
I th e  d e l i c a c y  o f  th e  t e s t ,  strangeways^j^ has shown t h a t  
" r e a c t io n s  may ta k e  p la c e  in  d i l u t i o n s  o f  b lo o d  serum 
I even  o v er  1 i n  1 ,0 1 6 ,0 0 0 ,  f o r  on a d d in g  a c o n s ta n t  
amount o f  a n t i  serum t o  p r o g r e s s iv e  d i l u t i o n s ,  d i f f e r e n c e s  
i n  th e  amount o f  d e p o s i t ,  m easurab le  to  th e  e y e ,  were  
o b s e r v a b le  even  in  t h e s e  h ig h e s t  d i l u t i o n s ,  when th e  
p r e c i p i t i n  had been c o l l e c t e d  i n  f i n e  c a p i l l a r y  tubes'!
We must th e n  c o n s id e r  th e  method whereby th e  
v a r i o u s  s t r e n g t h s  o f  th e  d i l u t i o n s  a r e  e f f e c t e d ,  a 
p o r t io n ,  o f  s t a i n  th e  s i z e  o f  a s ix p e n c e  s u s p e c te d  o f  
b e in g  composed o f  b lo o d  h a v in g  been e x c i s e d  from c l o t h i n g  
o r  o t h e r  m a t e r i a l .  The e x c i s e d  s t a i n  i s  p la c e d  in  s i x  
c u b ic  c e n t im e tr e s  o f  normal s a l i n e  and a l lo w e d  to  s t e e p  
f o r  a  p e r io d  o f  tw e n ty  fo u r  h o u r s .  S in c e  each  c u b ic  
c e n t im e tr e  o f  s a l i n e  c o n t a in s  a p p r o x im a te ly  s i x t e e n  drops, 
and s in c e  th e  e x c i s e d  s t a i n  c o n t a in s  a p p r o x im a te ly  one 
d rop , th e  r e s u l t a n t  d i l u t i o n  i s  a p p r o x im a te ly  t h a t  o f  
1 i n  lOC . H aving o b ta in e d  t h i s  d i l u t i o n ,  i t  i s  s im p le  t o  
o b ta in  d i l u t i o n s  o f  1 : 1 ,0 0 0 ,  1 : 5 ,0 0 0 ,  1 :10^ 000 , and 
1 :2 0 ,0 0 0  w hich a re  n e c e s s a r y  i n  th e  m e d ic o - le g a l  
a p p l i c a t i o n  o f  th e  t e s t .  Such d i l u t i o n s  were used  by th e  
w r i t e r  i n  most o f  h i s  e x p e r im e n ts .  I t  i s  r e g r e t t a b l e  
t h a t  t h e r e  i s  a t  th e  p r e s e n t  t im e ,  no method o f  o b t a in in g  
an e x a c t  d i l u t i o n  o f  b lo o d  serum from a s t a i n .
ÏV .
THE FOAM TEST AND COLOUR TEST IN RELATION TO THE 
ESTIMATION OF THE STRENGTH OF THE DILUTION OF BLOOD SERUM.
An e x t r a c t  o f  a  s t a i n  h a v in g  been  e f f e c t e d ,  an  
i n d i c a t i o n  a s  t o  w hether b lo o d  serum i s  or i s  n o t  p resen t  
may be o b ta in e d  by th e  a p p l i c a t i o n  o f  th e  s im p le  foam 
t e s t . /
9 .
t e s t .  U h lenhuth  was t h e  f i r s t  t o  m ention  t h i s  t e s t ,  
and N u tta ll% 6 fa v o u r s  i t s  u s e .  The t e s t  c o n s i s t s  in  
b lo w in g  a i r  in t o  th e  s o l u t i o n  by means o f  a f i n e  p i p e t t e ,  
when i f  serum i s  p r e s e n t  a more o r  l e s s  p e r s i s t e n t  foam 
i s  p ro d u ced . The g r e a t e r  th e  amount o f  serum p r e s e n t  in  
t h e  s o l u t i o n  under t e s t ,  th e  g r e a t e r  w i l l  be th e  amount 
o f  foam produced and th e  lo n g e r  i t s  p e r s i s t e n c e  w i t h in  
l i m i t s .  N u t t a l l  s t a t e s  t h a t  a s  th e  r e s u l t  o f  e x p e r ie n c e  
he can e s t im a te  a p p r o x im a te ly  th e  s t r e n g t h  o f  th e  
i d i l u t i o n .  Below a re  t h e  r e s u l t s  o f  ex p er im en ts  conducted  
upon t h e  foam t e s t  by th e  w r i t e r ,  who was i n v e s t i g a t i n g  
t h e  im portance o f  th e  t e s t  i n  r e l a t i o n  t o  th e  a c c u r a c y  
o f  e s t i m a t i o n  o f  th e  s t r e n g t h  o f  t h e  d i l u t i o n ,  by th e  
amount o f  foam g iv e n  and i t s  d u r a t io n .  B lood s t a i n s  
composed o f  f o e t a l  b lo o d  d r ie d  upon f i l t e r  paper  f o r  
t h r e e  months were u sed  f o r  th e  t e s t s .  The s t a i n  was 
e x t r a c t e d  by s a l i n e  i n  one and a h a l f  h o u r s .  Each t e s t  
tu b e  c o n ta in e d  th r e e  c u b ic  c e n t im e t r e s  o f  each  d i l u t i o n .  
The foam t e s t  was a p p l ie d  by means o f  b lo w in g  th rou gh  
th e  s o l u t i o n  w ith  a p i p e t t e .  The d eg ree  o f  b lo w in g  was 
uniform  and l a s t e d  f o r  a t im ed  p e r io d  o f  f i v e  seco n d s  
i n  each  c a s e .
S tr e n g th  
o f  D i l u -  
t i  o n .
N ature o f  Foam.
B low ing  
com­
menced .
D is a p ­
pearance  
o f  Foam.
D u râ tio n  
o f  
Foam.
1 : 5 0 . Copious la rg e  
bubbled foam.
11.35a,m . 12 p .m. 25  m in s .
1 :1 0 0 . I f f t Not r e ­
corded .
-
1:200 . f t f t 2.30  p .m. 175 mins.
1 :3 0 0 . f t f t 12.10 p.m. 35 mins.
1:400 . I I 1155 a.m. 20 mins.
1 :5 0 0  . L e ss  co p io u s  
l a r g e  bubbled  
fo a m .
11.35& a.m. 12.30 p.m. 54& m in s .
1 : 6oo . D e f i n i t e  foam. I t 2 p.m. 1 4 4 i  m in s .
1 :700  . I t 11.40 a.m. 4 i  mins.
1 : 8 0 0 . 1 .4 5  pm 1 2 9 i  mi ns.
1:900  . I I 12.30 p .m. 54& m ins.
1 : 1 ,0 0 0 . I t - -
i n /
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I n  th é  d i l u t i o n s  1 : 2 ,0 0 0 ,  1 : 3 .0 0 0 ,  1 :4 ,0 0 0  
1 :5 ,0 0 0 , 1 : 6 ,0 0 0 , 1 :7 ,0 0 0 , 1 :8 ,0 0 0 , 1 :9 ,0 0 0 , 1 : 1 0 ,0 0 0 , 
1 : 1 1 ,0 0 0 ,  1 : 1 2 ,0 0 0 ,  1 : 1 3 ,0 0 0 ,  1 : 1 4 ,0 0 0 ,  1 : 1 5 ,0 0 0 ,
1 : 1 6 ,0 0 0 , 1 : 1 7 ,0 0 0 ,  1 :18 ,000 - ,  1 : 1 9 ,0 0 0 ,  and 1 :2 0 ,0 0 0  
t h e  foam ^produced was t r a n s i t o r y  and t h e r e f o r e  i t s  
d u r a t io n  was u s e l e s s  from a p r a c t i c a l  p o in t  o f  v i e w .
I  The r e s u l t s  o f  t h e s e  e x p er im en ts  show t h a t  th e  d u r a t io n  
I o f  foam produced by a p p ly in g  t h i s  t e s t  I s  v a l u e l e s s  a s  
I  a means o f  e s t i m a t i n g  th e  s t r e n g t h  o f  d i l u t i o n s  under  
t e s t .  The n a tu r e  o f  t h e  foam produced gave no r e l i a b l e  
i n d i c a t i o n  o f  th e  s t r e n g t h  o f  th e  b lo o d  serum p r e s e n t .  
D i l u t i o n s  o f  1 :50  t o  1 :400 a l l  y i e l d e d  a co p io u s  la r g e  
bub b led  foam . The d u r a t io n  o f  th e  foam a l s o  f a i l e d  t o  
i n d i c a t e  th e  s t r e n g t h  o f  t h e  d i l u t i o n s .  In  a d i l u t i o n  
o f  1 :5 0  th e  foam p e r s i s t e d  f o r  tvjenty  f i v e  m in u te s ,  
w hereas a  d i l u t i o n  o f  1 :200  y i e l d e d  foam w hich  p e r s i s t e d  
f o r  n e a r ly  t h r e e  h o u r s .  In  th e  d i l u t i o n  o f  l : 6 o o  th e  
foam p e r s i s t e d  f o r  n e a r ly  two hours and a h a l f .  As th e  
r e s u l t  o f  t e s t s ,  i t  was found t h a t  th e  foam produced  
by sh ak in g  th e  s o l u t i o n s  i n  t e s t  tu b e s  gave a r e l i a b l e  
i n d i c a t i o n  o f  th e  p r e se n c e  o f  serum i n  th e  s o l u t i o n ,  
by t h e  fo r m a t io n  o f  foam . The f o l l o w i n g  t e s t s  were  
made t o  a s c e r t a i n  w h eth er  th e  e x t e n t  and d u r a t io n  o f  
th e  foam so produced would I n d ic a t e  th e  l i k e l y  s tr e n g th  
o f  th e  s o l u t i o n  under t e s t .
For t h i s  exp erim en t f o e t a l  b lo o d  shed on 
f i l t e r  pap er  t w e lv e  weeks p r e v i o u s l y  was u s e d .  The 
b lo o d  was e x t r a c t e d  w ith  normal s a l i n e  a f t e r  s t e e p in g  
f o r  one and a h a l f  h o u r s . Each t e s t  tu b e  was f i l l e d  
t o  a  t h i r d  o f  i t s  c a p a c i t y ,  and was shaken f o r  a 
p e r io d  o f  f i f t e e n  s e c o n d s ,  commencing a t  10 a .m .
D ate  o f  Experim ent -  2 6 / 2 / 2 5 .
11
Group ( 
1 ,
Group ( 
2 .
S t r e n g th  
o f  D i l u -  
t i  o n .
N ature o f  Foam.
Shaking  
com­
p l e t e d  .
Durât i on 
o f  Foam.
1 . 1 : 5 0 . C opious f i n e  
bubbled  foam  
a lm o s t  f i l l i n g  
tu b e  t o  e x t e n t  
o f  ÿ  o f  remain­
in g  s p a c e .
IC a .m . Foam la s t
s e e n  a t
5 p .m .
27 / 2 / 2 5 .
A bsent
morning
o f
2 / 3 / 2 5 .
3 1 h r 8 .  t
2 . 1 : loo  . As above but  
f i l l i n g  tu b e  t o  
i  o f  rem ain in g  
s p a o e .
f t I t 31  h r s . +
3 . 1 :2 0 0 . As above but  
f i l l i n g  tu b e  t o  
i  o f  rem ain in g  
3 spaoe .
10.1 a.m. I f 31  h r s .  +
4 . 1 :3 0 0 . 10.2 a.m. I t 31  h r s .  +
1 5 . 1:400. As above -  cm. fo a m .
10 .3 a^ m. Iff 51 h r s .  +
6. 1 :5 0 0 . As above -  IJ- 
om. foam .
lCi.4 a.m. I t 51 h r s .  +
7 . l:6oo. As above -  1& 
om. fo a m .
10.5 a.m. Iff 31 h r s . +
8 .
1
1 :7 0 0 . As above -  11 
om. fo a m .
10.7 a.m. 51 h r s  . 4.
1 :8 0 0 . As above -  1 
om. foam .
10.8 a.m. Foam 
p r e s e n t  
4 .3 0  
P .m.
2 / 3 / 2 5 .
96 h r s . +
10 . 1 :9 0 0 . As above -  1^ 
om. fo a m .
10.9 a.m. Foam 
se e n  5 
p .m .
27 / 2/ 2 5 . 
A bsent  
morning
2/ 3 / 2 5 .
31 h rs  . +
11. 1 : 1 ,0 0 0 . As above -  1 
om. fo a m .
10.15 a.m. Foam 
p r e s e n t  
4 .3 0  
p .m .
2 / 3 / 2 5 .
96 h r s .  ^
12. 1 :2 ,0 0 0  . >1 tff •t 96 h r s . 4 .^
1 3 .
12 .
C o n t in u e d .
!
i
Group ( j
2 . 1  
(C o n t . ) I
(
Group ( 
1
S tr e n g th  
o f  D l l u -  
1 1 on .
N ature o f  Foam.
Shaki ng  
com­
p l e t e d  .
D u râ tio n  
o f  Foam.
1 3 . 1 : 3 ,0 0 0 . AS above -  î  
cm. foam.
.10j,16 a.m. Foam 
p r e s e n t  
5 p.m:  
27 / 2/ 2 5 . 
A bsent  
morning
2 / 3/ 2 5 .
31  h r s .  t
14 . 1 : 4 ,0 0 0 . AS above -  i  
om. fo a m .
10.17 a.m. ,, 31 h r s . +
15 . 1 :5 ,0 0 0  . 1, 10.19 a.m. 4 .3 0
2/ 3/ 2 5 .
96 h r s . -f-
l 6 . 1 : 6 ,0 0 0 . AS above -  & 
om. fo a m .
10.20 am. Iff 96 h r s . +
1 7 . 1 :7 ,0 0 0  . I I Iff Iff 96 h r s . +
1 8 . 1 :8 ,0 0 0  . I t 10.21 a-m. Iff 96 h r s . +
1 9 . 1 : 9 ,0 0 0 . Iff I I 96 h r s .  +
20 . 1 : 10 ,000. f t 10.22 am. Iff 96  h r s . +
2 1 . 1 :1 1 ,0 0 0 . Layer o f  foam. 10.23 a-m. Foam
d is a p ­
peared
4 p.m.
2 6 /2 /2 5 .
5 h r s .
37 m i n s .
2 2 . 1 :1 2 ,0 0 0 . S l i g h t  l a y e r  
o f  foam .
10.24 am. Foam 
di s a p -  
peared  
1 .42 
p .m.
2 6 /2 /2 5 .
3 h r s .
18 m in s .
23.. 1 :1 3 ,0 0 0 . I I fff Iff 3 h r s .  
18 m in s .
2 4 . 1 :1 4 ,0 0 0 . I , 10.25 a.m. ff 3 h r s .
17  m in s .
2 5 . l:15,00Cu „ „ Foam
a b se n t
1 .4 5
p .m .
2 6 / 2 / 2 5 .
3 h r s .
20 mins .
2 6 . 1 :1 6 ,0 0 0 . „ 10.20 am. », 3 h r s .
19 m in s .<1I 27
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C o n t in u e d ,
I
Group ( 
!(Cont .) (
S t r e n g th  
o f  p i l u -  
t i  on .
N ature o f  Foam.
Shaki ng 
com­
p l e t e d  .
Durât i on 
o f  Foam.
2 7 . 1 :1 7  ,000 . Veiy  s i i g h t  
l a y e r  o f  foam .
10.26 ami Foam 
a b se n t  
1 1 .1 0  
a .m.
2 6 /2 /2 5 .
44 mi n s .
Î28. 1 : 1 8 , 0 0 0 . I f 10.27 am Foam
a b se n t
11 .5
a .m.
2 6 /2 /2 5 .
38 mins .
2 9 . 1 : 1 9 , 0 0 0 . tf „ Foam 
a b se n t  
11 a .m.
2 6 /2 /2 5 .
33 m in s .
3 0 . 1 :2 0 ,0 0 0  . t r 10.28 am, Foam
a b se n t
1 0 .5 0
a .m.
2 6 / 2 /:^.
22 mins.
I t  I s  t o  be n o ted  t h a t  th e  d i l u t i o n s  In Group 
3 show a  v e r y  rauoh s h o r t e r  p e r s i s t e n c e  o f  foam th an  in  
groups 1 and 2 .  Group 2 e x h i b i t s  a lo n g e r  p e r s i s t e n c e  
o f  foam th a n  Group 1 . The r e s u l t s  o f  t h i s  exp erim en t  
i  i n d i c a t e  v e r y  d e f i n i t e l y  t h a t  th e  foam t e s t  produced by 
i  sh a k in g  i s  a l s o  u s e l e s s  t o  e s t a b l i s h  w i th  any degree  o f  
a c c u r a c y  t h e  s t r e n g t h  o f  t h e  d i l u t io n  under t e s t ,  and 
t h a t  th e  d u r a t io n  o f  th e  foam p rod u ced , i s  such  a s  t o  
r en d er  th e  t e s t  v a l u e l e s s  from a  p r a c t i c a l  a s p e c t ,  on 
acco u n t  o f  th e  p e r io d  r e q u ir e d  f o r  o b s e r v a t io n .
The foam t e s t  i s  u n d ou b ted ly  o f  v a lu e  i n  
i n d i c a t i n g  w hether b lo o d  serum i s  p r e s e n t  i n  th e  f l u i d ,  
and by th e  d e n s i t y  and c o p io u sn e s s  o f  th e  foam so  g iv e n ,  
an e x p e r ie n c e d  o b se r v e r  i s  a b le  t o  a s c e r t a i n  i n  a v e r y  
approxim ate manner th e  s t r e n g t h  o f  th e  d i l u t i o n  o f  
b lo o d  serum w i t h in  l i m i t s .  So f a r  a s  th e  w r i t e r  i s  
aware t h e s e  exp er im en ts  have been  conducted  f o r  th e  
f i r s t  t im e .
U hlenhuth /
14.
U h len h u th  a t  f i r s t  r e l i e d  upon th e  c o lo u r  t e s t ,  
and Ziemke a l s o  u sed  t h i s  method t o  e s t im a te  th e  s t r e n g t h  
o f  t h e ' d i l u t i o n s .  N u t t a l l  i s  o f  th e  o p in io n  t h a t  th e  foam  
t e s t  i s  more r e l i a b l e  th an  th e  c o lo u r  t e s t  and th e  w r i t e r  
a l s o  h o ld s  t h i s  v i e w .  In  o r d e r  t o  o b serv e  th e  c o lo u r  
range o f  d i l u t i o n s  o f  d i f f e r e n t  b lo o d s ,  and t h e i r  
r e sp o n se  t o  t h e  foam t e s t ,  th e  f o l l o w i n g  d i l u t i o n s  were 
made, exam ined, and r e p o r te d  u pon . A l l  d i l u t i o n s  were 
made from b lo o d  w hich  had been  d r ie d  on f i l t e r  p a p e r .
The a d v a n ta g e s  o f  k e e p in g  b lo o d  i n  t h i s  manner a r e  t h a t  
t h e  b lo o d  i s  e a s i l y  s t o r e d ,  c l a s s i f i e d  and p r e s e r v e d ,  
t h a t  f a i r l y  e x a c t  d i l u t i o n s  m a ^  be made r a p id ly  by 
norm al s a l i n e ,  and t h a t  th e  s o l u t i o n s  o b ta in e d  a r e  a lw ays  
c l e a r .  In  a l l  o a se s  th e  b lo o d  was f i v e  weeks o l d .
(a ) Sheep b l o o d .
S tr e n g th  o f  D i l u t i o n . C o lo u r . Foam T e s t .
1 : 1 0 0 . R ed . Pe r s  i s t  en t  foam .
i:; 1 ,0 0 0 . Yel lo w . P e r s i s t e n t  foam.
1 : 5 ,0 0 0 . V . Ft . S t r a w . F a i r l y  p e r s i s t ­
e n t  foam.
1 : 10 ,000 . A lm ost c o lo u r ­
l e s s  .
Transi t o r y  fo a m .
1 : 2 0 ,0 0 0 . Alm ost c o lo u r ­
l e s s  .
T r a n s i to r y  foam.
(B) F o e t a l  b lo o d .
S tr e n g th  o f  D i l u t i o n . C o lo u r . Foam T e s t .
1 : loo . Red. P e r s i s t e n t  foam.
1 : 1 ,0 0 0 . Y e l lo w . Pe r s i s t  en t  fo a m .
! 1 : 5 ,0 0 0 .
1
P a le  Y e l lo w . F a i r l y  p e r s i s t ­
e n t  fo a m .
1 : 1 0 ,0 0 0 . Alm ost c o lo u r ­
l e s s  .
T r a n s i to r y  foam.
1 :20 ,000 . A lm ost c o lo u r ­
l e s s .
T r a n s i to r y  foam.
(O) M & tem al b l o o d .
S t r e n g th  o f  D i l u t i o n . C o lo u r . Foam T e s t .
1 ; ICC . Red. P e r s i s t e n t  foam .
1 :1 ,0 0 0  . P a le  Y e l lo w . P e r s i s t e n t  foam .
1: 5 ,0 0 0 . AImost 0 0 lo u r -  
l e s s .
F a i r l y  p e r s i s t ­
e n t  foam .
1: 10 ,000 . A lm ost c o lo u r ­
l e s s  .
T r a n s i to r y  foam .
1:20 ,000 . A lm ost c o lo u r ­
l e s s  .
T r a n s i to r y  foam.
The l a s t  experim ent v/as r e p e a te d  w i th  m aternal
b lo o d  s i x  w eeks o ld  and p r e c i s e l y  th e  same r e s u l t s  were 
lo b ta ln e d .
1(D) Ox b l o o d .
S t r e n g th  o f  D i l u t i o n C o lo u r . Foam T e s t .
1 :1 0 0 . Red. P e r s i s t e n t  foam .
.............. . ".... ■
1 : 1 ,0 0 0 . P a le  Y e l lo w . Pe r s 1 s t  ent foam .
1: 5 ,000 . F a in t  Y e l lo w . F a i r l y  p e r s i s t ­
en t foam.
1 : 1 0 ,0 0 0 . A lm ost c o lo u r ­
l e s s  .
F a i r l y  p e r s i s t ­
en t  foam.
1:20 ,0 0 0 . A lm ost c o lo u r ­
l e s s  .
T r a n s i to r y  foam.
Cm) sh e e p  b lo o d .
1 s t r e n g t h  o f  D i l u t i o n . C o lo u r . Foam T e s t .
j 1 :1 0 0 .
I
P a le  P in k . P e r s i s t  ent foam.
1 :1 ,0 0 0  . P a le  Y e llo v j . P e r s i s t e n t  foam.
1 : 5 ,0 0 0 . A lm ost c o lo u r ­
l e s s  .
F a i r l y  p e r s i s t ­
en t  foam.
1 : 1 0 ,0 0 0 . Alm ost c o lo u r -  
l e s s  .
T r a n s i to r y  foam.
1 : 2 0 ,0 0 0 . A lm ost c o lo u r ­
l e s s  .
T r a n s i to r y  foam.
lb
S t r e n g th  o f  D i l u t i o n . C o lo u r . Foam T e s t .
1 : l o o . P in k . P e r s l s t e n t  foam ,
1; 1 ,0 0 0  . P a le  Y e l lo v j . P e r s i s t e n t  foam.
1 : 5 ,0 0 0 . A lm ost c o lo u r ­
l e s s  .
F a 1 r ly  p e r s l s t ­
ent foam.
1 : 1 0 ,0 0 0 .
1 ......... ... ...............................
A lm ost c o lo u r ­
l e s s  .
T r a n s i to r y  foam.
1
1:20  ,000 . A lm ost c o lo u r ­
l e s s  .
T r a n s i to r y  foam.
In  th e  n ex t  two e x p er im en ts  th e  s t a i n s  were
Imposed on t h l  ok b la n k e t  m a t e r ia l  and th e  e x t r a c t
r e q u ir e d  t o  be c e n t r i f u g e d  In  o rd er  to  ren d er  th e
s o l u t i o n  c l e a r .
(G) P a r tr id g e  b lo o d .
S tr e n g th  o f  D i l u t i o n . C o lo u r , Foam T e s t .
1 1:100 . R eddish Brown. P e r s l  s t e n t  foam.
1
1 : 1 ,0 0 0 . P a le  Y e l lo w . P e r s i s t e n t  foam.
1:5  ,0 0 0 . AImo s t  COloun­
l e s s  .
F a i r l y  p e r s i s t ­
en t  fo a m .
1 : 1 0 ,0 0 0 . A lm ost c o lo u r ­
l e s s  .
T r a n s i to r y  foam.
1 :2 0 ,0 0 0  . A lm ost CO loun­
l e s s  .
T r a n s i to r y  foam.
(H) P h easan t b lo o d .
S tr e n g th  o f  D i l u t i o n . C olou r . Foam T e s t .
1 :1 0 0 . R eddish  Brown. P e r s i s t e n t  foam.
1 : 1 ,0 0 0 , P a le  Y e llo w . P e r s l s t e n t  foam.
j 1 : 5 ,0 0 0 . Alm ost c o lo u r le s s . F a i r l y  p e r s i s t ­
en t  foam .
1 :1 0 ,0 0 0  . Almost c o lo u r le s s . T r a n s i to r y  foam.
1 : 2 0 ,0 0 0 . A lm ost c o lo u r le s s . T r a n s i to r y  foan.
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I t  w i l l  be s e e n  from t h e s e  experim ent's t h a t  the 
foam t e s t  was more or  l e s s  c o n s ta n t  In  a g e n e r a l  way,- but  
t h a t  t h e  o o lc u r  t e s t  was u n r e l i a b l e  even  w i t h  b lo o d s  o f  
t h e  same age  c o l l e c t e d  and s t o r e d  In  an u n iform  mannôr.
The d i l u t i o n  o f  1 :100  o f  p i g ' s  b lo o d  was p in k ,  t h a t  o f  
s h e e p ' s  b lo o d  p a le  p in k ,  and t h a t  o f  p a r t r id g e  b lood  
r e d d is h  brown. The w r i t e r  made u n s u c c e s s f u l  a t te m p ts  to  
o b t a in  c o lo u r  m atch in gs  o f  s e v e r a l  d i l u t i o n s  o f  v a r io u s  
[b lo o d s  a t  d i f f e r e n t  a g e s ,  w ith  dyes  and c o lo u r in g  
[m a t te r s ,  In  th e  hope t h a t  s ta n d a rd  c o lo u r e d  s o l u t i o n s  
[would be o b ta in e d ,  so  t h a t  any g iv e n  d i l u t i o n  o f  b lood  
c o u ld  be matched and th e  s t r e n g t h  o f  th e  d i l u t i o n  
d i s c l o s e d .  I t  was fo u n d , how ever, a f t e r  r e p e a te d  
e x p e r im e n ts  t h a t  th e r e  were so  many f a c t o r s  a c t i n g  upon 
shed  b lo o d ,  t h a t  th e  c o lo u r  o f  a  s o l u t i o n  gave no 
I n d i c a t i o n  o f  I t s  s t r e n g t h ,  e x c e p t  In  a v e r y  rough and 
u n r e l i a b l e  manner. The v a r i a t i o n s  In  c o lo u r  o f  a known 
d i l u t i o n  o f  b lo o d  a r e  due t o  th e  f o l l o w i n g  f a c t o r s  
among o t h e r s : -
(1 )  The amount o f  haem oglob in  p r e s e n t .
'(2 )  The co n ta m in a t io n  o f  th e  b lo o d  s t a i n  w ith  c o lo u r in g  
m a tte r  or  dye In  th e  m a t e r ia l  or  a r t i c l e  on w hich  
t h e  b lo o d  h as  been  Imposed.
(3 )  The age  o f  th e  b lo o d .
(4 )  The tr ea tm en t  o f  th e  b lo o d  s t a i n  e . g .  w a sh in g ,  
a p p l i c a t i o n  o f  h e a t ,  e t c .
(5 )  The amount o f  serum p r e s e n t  In  th e  b lo o d .
(6 )  The p rese n c e  o f  carbon m onoxide.
On accou n t o f  th e  v a r i a t i o n s  In  th e  c o lo u r  o f  
th e  same s t r e n g t h  o f  d i l u t i o n  o f  v a r io u s  b lo o d s ,  th e  
c o lo r im e t e r  methods were n o t  a p p l ie d  a f t e r  th e  t e c h n iq u e  
o f  t h e i r  a p p l i c a t i o n  was I n v e s t i g a t e d .
The r a t i o n a l e  o f  th e  p r e c i p i t i n  t e s t  depends  
upon th e  p r e se n c e  o f  b lo o d  serum In  th e  s o l u t i o n ,  n o t  
{Upon th e  p r e se n c e  o f  h aem oglob in . The c o lo u r  o f  a 
[ s o lu t io n  t h e r e f o r e  I s  o f  no Importance In  e s t im a t in g  th e  
[stren gth  o f  d i l u t i o n  o f  th e  b lo o d  serum p r e s e n t ,  e x c e p t  
jln/
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j î n  a  v e r y  g e n e r a l  manner. The a p p l i c a t i o n  o f  th e  foam 
I t e s t  or  th e  sh a k in g  t e s t  would ap p ear  t o  be th e  b e s t  
; a v a i l a b l e  methods f o r  o b t a in in g  an approxim ate e s t im a t io n  
o f  t h e  l i k e l y  s t r e n g t h  o f  b lo o d  serum p r e s e n t  In  
j s o l u t i o n .  The w r i t e r  has found t h a t  th e  sh a k in g  t e s t  I s  
I q u i t e  a s  e f f i c i e n t  a s  t h e  foam t e s t ,  a s  th e  a i r  m ixes  
I  w it h  t h e  l i q u i d  s a t i s f a c t o r i l y  and I t  I s  s im p le  t o  a p p ly  
I  when one has a la r g e  amount o f  s o l u t i o n  a v a i l a b l e .  He 
! I s  n o t  aware t h a t  t h i s  has been n o te d  p r e v i o u s l y .
THE SELECTION OF COHTAINERS FOR THE 
FLUID UNDER EXAMINATION.
Having o b ta in e d  e s t im a te d  d i l u t i o n s  o f  b lo o d ,
I . e . ,  1 :1 0 0 ,  1 : 1 ,0 0 0 ,  1 : 5 , OOC, 1 : 1 0 ,0 0 0 ,  and 1 : 2 0 ,0 0 0 ,
t h e  exam iner has n e x t  t o  c o n s id e r  th e  most s u i t a b l e
v e s s e l  I n to  w hich th e y  sh o u ld  be t r a n s f e r r e d  b e fo r e  the
a n t i  serum I s  a p p l i e d .  The w r i t e r  c a r r ie d  out many
ex p er im en ts  In th e  a p p l i c a t i o n  o f  th e  t e s t  t o  d i l u t i o n s
I o f  b lo o d  serum c o n ta in e d  1 n : -
I
1(1) Wassermann t u b e s .  V ide p h otograph  No. 6 ( L e f t ) .
I
1(2) Dryer 'B  t u b e s .  V ide photograph  No. 3 ( L e f t ) . .
1(3) Durham's t u b e s .  V ide p h otograph  No. 3 ( R i g h t ) .
I
1(4) Gapl l l a r y  t u b e s .  V ide  photograph  No. 10 .
1(5) Long t h i n  t u b e s .  V ide photograph  No. 4  (R ig h t  and 
L e f t )  .
(6 )  Troughs made w i t h  lo n g  c o v e r  g l a s s e s  s e t  In  
p l a s t l c e n e  fr a m e s ,  ( v id e  photograph  No. 7) and In  
fram es made from b la c k  wax. (V ide photograph No.
12) .
(7 )  Troughs made w ith  m icroscop e s l i d e s  s e t  In  p l a s t l c e n e  
fr a m e s .  (V ide photograph No. 8 ) .
He found t h a t  t h e  p r e c i p i t i n  r e a c t i o n  was 
shown e q u a l ly  w e l l  In  Wassermann, D ryer and Durham 
t u b e s .  The i n d i c a t i o n  a s  t o  w h eth er  a D ryer or  Durham 
tu b e  sh o u ld  be u sed  In  p r e fe r e n c e  t o  a Wassermann tu be  , 
l i e s  In  th e  amount o f  th e  s o l u t i o n  a v a i l a b l e ,  a s  I t  I s  
[ob v io u s ly  p r e f e r a b le  t o  h a l f  f i l l  th e  form er two t u b e s ,  
jbhan/
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th a n  t o  u se  t h e  l a t t e r  ty p e  o f  tu b e  and have o n ly  
s u f f i c i e n t  s o l u t i o n  a t  I t s  b a s e ,  when th e  r e a c t i o n  I s  
more d i f f i c u l t  t o  ex a m in e . The u se  o f  lo n g  t h i n  tu b e s  
a s  In  (5 )  was n o t c o n s id e r e d  s a t i s f a c t o r y  when p h o to ­
graphs o f  t h e  t e s t  were r e q u ir e d ,  on a cco u n t  o f  th e  h ig h  
l i g h t s  g iv e n  by th e  s i d e s  o f  th e  t u b e .  When o n ly  a
s m a l l  amount o f  th e  s o l u t i o n  I s  a v a i l a b l e  th e  c a p i l l a r y
tu b e  method a s  s u g g e s te d  by Hauser^^ and W. R. O o lle s^ g  
and p r a i s e d  by U hlenhuth  sh o u ld  be u t i l i s e d .  (V ide  
ph otograph  No. 2 1 ) .  T h is  method y i e l d s  s a t i s f a c t o r y  
r e s u l t s .  Many o f  th e  ex p e r im e n ts  c a r r ie d  out by th e  
w r i t e r  and embodied In t h i s  t h e s i s  , were made In t h i s  
w ay. The advantage  o f  u s in g  c a p i l l a r y  tu b e s  l i e s  In th e
f a c t s  t h a t  o n ly  a v e r y  s m a l l  q u a n t i t y  o f  th e  s o l u t i o n
and a n t i  serum /a^e r e q u ir e d ,  and t h a t  th e  t e s t s  can be
/
made r a p i d l y  and a c c u r a t e l y ,  th e  r e a c t i o n  b e in g  w e l l  
e x h i b i t e d .  A f t e r  th e  t e s t s  have been  c o m p le te d ,  th e  
tu b e s  sh o u ld  be d e s tr o y e d ,  th e r e b y  e n s u r in g  t h a t  a l l  th e  
tu b e s  u sed  a r e  f r e s h .  C le a n l in e s s  o f  th e  tu b e s  I s  
e s s e n t i a l ,  b eca u se  th e  s l i g h t e s t  haze on th e  tu be  w a l l  
may le a d  t o  e r r o r  i n  th e  I n t e r p r e t a t i o n  o f  th e  r e s u l t  
o f  th e  t e s t .  Wash l e a t h e r  g lo v e s  sh o u ld  be worn, a s  th e  
m o is tu r e  and h e a t  from th e  hands o f  th e  exam iner may 
ca u se  c o n d e n sa t io n  oh th e  g l a s s .  The te c h n iq u e  adopted  
b y  t h e  w r i t e r  was a s  f o l l o w s ; -
The c a p i l l a r y  tu b e s  were b o i l e d ,  d r i e d ,  and v iew ed  
a g a i n s t  a b la c k  s u r fa c e  t o  e l im in a t e  c o n ta m in a t io n .  A 
[ s e r i e s  o f  watch g l a s s e s  was arranged  and f i l l e d  w i t h  the 
Iv a r io u s  f l u i d s  to  be t e s t e d .  A nother s e r i e s  o f  g l a s s e s  
iwas u s e d ,  each  c o n t a in in g  th e  d i f f e r e n t  a n t i  s e r a  w hich  
[were to  be a p p l i e d .  One end o f  th e  tu b e  was p la c e d  in t o  
jthe  a n t iseru m  a g a in s t  w hich th e  f l u i d  was b e in g  t e s t e d ,  
u n t i l  about a s i x t h  t o  a q u a r te r  o f  I t s  lumen was 
f i l l e d  by c a p i l l a r y  a c t i o n .  T h e r e a f te r  th e  same end 
was p la c e d  in t o  th e  f l u i d  t o  be t e s t e d ,  and s u f f i c i e n t  
o f  I t  drawn up to  f i l l  th r e e  q u a r te r s  o f  th e  lumen o f  
th e  t u b e .  Each end o f  th e  tu be  In  tu r n  was I n s e r t e d  
i n t o /
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in t o  a b lc o k  o f  p l a s t l c e n e .  T h is  p roced u re  e f f e c t i v e l y  
s e a l e d  th e  e n d s .  The tu b e  was th e n  i n s e r t e d  i n t o  a 
p e l l e t  o f  p l a s t l c e n e  s i t u a t e d  upon a ground g l a s s  p l a t e ,  
so  t h a t  I t  s t o o d  v e r t i c a l l y ,  t h e  a n t ise r u m  b e in g  
u p p erm ost.  In  t h i s  manner t e s t s  w ith  d i l u t i o n s  o f  
1 :1 0 0 ,  1 : 1 ,0 0 0 ,  1 : 5 ,0 0 0 ,  1: 10 ,000  and 1 :2 0 ,0 0 0  were 
made. As th e  a n t i  serum mixed w ith  th e  s o l u t i o n  o f  
b lo o d  serum, a haze  d e v e lo p ed  and u l t i m a t e l y  a f l o c c u l e n t  
d e p o s i t  was o b se r v e d .  The w r i t e r  d id  n o t o b serv e  th e  
f a i n t  c o l o u r l e s s  r in g  a t  t h e  p o in t  o f  c o n ta c t  o f  th e  
s o l u t i o n  under t e s t  and th e  r e l a t e d  a n t i  serum, w hich  
L u c a s s t a t e s  I s  e a s i l y  d e t e c t e d ,  nor  d id  he n o te  th e  
t u r b id  r in g  when r e l a t e d  a n t is e r u m  was added . The 
w r i t e r  a lw ays  in v e r t e d  th e  tu b e  im m ed ia te ly  th e  
I  a n t 1 serum was added , so t h a t  i t  cou ld  mix in t i m a t e ly
w i t h  th e  f l u i d  under t e s t .  As soon  a s  t h i s  was done an
■
i i r i  d e s c e n t  haze was n o ted  when th e  two c o n s t i t u e n t s  o f  
I t h e  f l u i d  i n  th e  tu b e  came I n to  c o n t a c t .  Soon t h e r e -  
} a f t e r  a haze d e v e lo p e d  and u l t i m a t e l y  a p r e c i p i t i n
j
I appeared  a t  th e  s i d e s  o f  th e  lowermost p o r t io n  o f  th e  
t u b e .
The r e a so n  f o r  drawing up th e  a n t i  serum In to  
th e  t u b e ,  b e fo r e  add ing  th e  s o l u t i o n  under t e s t ,  was to  
p r e v e n t  c o n ta m in a t io n  o f  th e  a n t i  serum In  th e  watch  
g l a s s  by th e  s o l u t i o n ,  th e r e b y  p e r m it t in g  th e  a n t i  serum  
t o  be u se d  f o r  f u r t h e r  t e s t s  w ith o u t  r i s k .
P a p i l l a r y  tu b e  m ethod.
(1 )  F ig  b l o o d . Three months o l d .
1:100 1 :1 ,0 0 0 1 :5 ,0 0 0 1 :1 0 ,0 0 0 1 :2 0 ,0 0 0
T u rb id . Turbi d . T u rb id . Turbi d . Turbi d .
A l l  p o s i t i v e  w i t h in  20 m in u tes  . A n t i - p ig  
serum t i t r e  1 :2 0 ,0 0 0  u s e d .
(2 )  Human b l o o d . Four months o ld .
1 :1 0 0 ,  1 : 1 ,0 0 0 ,  1 : 5 ,0 0 0 ,  1 : 1 0 ,0 0 0 ,  and 1 : 2 0 ,0 0 0 .  
T e ste d  w i th  a n t l^ p i g  serum t i t r e  1 : 2 0 ,0 0 0 .
A l l /
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i A l l  n e g a t iv e  a f t e r  24 h o u r s .
I (3 )  o x  b l o o d . Three months o ld .
; In  above dl lu t  1 ons t e s t e d  w i t h  a n t i - o x  serum
! . ■
I t i t r e  1 : 2 0 ,0 0 0 .
I  . ,
A l l  p o s i t i v e  w i t h in  20 m in u te s .
(4 )  The above exp erim en t was r e p e a te d ,  and th e  same 
r e s u l t s  were o b t a in e d .
(5 )  Human b lo o d  (M a te r n a l ) .  Four-m onths o l d .
In  above d i l u t i o n s :  T e s te d  w ith  a n t i - o x
serum t i t r e  1 : 2 0 ,0 0 0 .  A l l  n e g a t iv e  a f t e r  24 h o u r s .
N o t e D i l u t i o n  1 :1 0 ,0 0 0  was th o u g h t t o  show a d e f i n i t e  
h a z e ,  but on I n v e s t i g a t i o n  w i t h  a m a g n ify in g  g l a s s  I t  
was found t h a t  th e  apparent o lc u d  vms due t o  markings  
on t h e  tu b e  w a l l ,  th u s  i n d i c a t i n g  th e  n e c e s s i t y  o f  
s c r u t i n i s i n g  c a r e f u l l y  th e  tu b e s  b e fo r e  c o n d u c t in g  th e  
t e s t .
I t  sh o u ld  be m entioned  t h a t  w ith  th e  u se  o f  
t h e  c a p i l l a r y  t u b e ,  t h e  haze I s  t y p i c a l  and d e v e lo p s  
r a p i d l y  when an a n t i  serum i s  added t o  a r e l a t e d  b lo o d ,  
but t h a t  th e  developm ent o f  a f l o c c u l e n t  d e p o s i t  does  
I n o t  make i t s  appearance w i t h in  tw en ty  m in u te s ,  b e in g  
I most f r e q u e n t l y  n o t  o b served  u n t i l  s e v e r a l  hours had 
i  e l a p s e d ,  i n  many c a s e s  n o t u n t i l  a f t e r  an i n t e r v a l  o f  
I  tw e n ty  f o u r  h o u r s . Hauser^g i s  o f  th e  o p in io n  t h a t  
when th e  t e s t  i s  c a r r ie d  out i n  t h i s  way i t  does n o t  
m a tter  w h eth er  th e  p r o p o r t io n  o f  a n t i  serum be 1:30  or  
1 : 3 ,  f o r  w i th  th e  b lood  o f  many a n im a ls  he n e v e r  g o t  a 
p r e c i p i t a t e  w i t h in  tw en ty  fo u r  h o u r s .
The w r i t e r  conducted  ex p er im en ts  w ith  
Im provised  s ta n d s  made w i t h  long m icro sco p e  cover  
g l a s s e s  s e t  i n  both  p l a s t l c e n e  and b la c k  wax. s ta n d s  
were a l s o  made in  th e  same manner, w ith  m icroscop e  
s l i d e s .  (V ide p hotographs No, 7 ,  8 , and 1 1 ) .  By t h e i r  
u s e ,  one has a maximum s u r fa c e  o v e r  w hich t o  ob serv e  
th e  fo r m a t io n  o f  th e  r e a c t i o n ,  w i t h  a  v e r y  s m a l l  
q u a n t i t y  o f  th e  medium under t e s t .  The f l u i d  i s  h e ld  
o u t  i n  a f i n e  l a y e r  by th e  s i d e s  o f  th e  co v e r  g l a s s e s  
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: or  m icroscop e  s l i d e s  by c a p i l l a r y  a c t i o n ,  and when th e  
! l a y e r  o f  f l u i d  i s  v iew ed  a g a i n s t  a b la c k  background, the  
ih a z e  i s  ren d ered  v e r y  d i s t i n c t  and th e  f l o c c u l e n t  d e p o s i t  
i can be r e a d i l y  d e t e c t e d  l y i n g  a t  th e  b o tto m . Gare must 
I be e x e r c i s e d  in  f i l l i n g  t h e s e  narrow tr o u g h s  t o  p rev en t  
! s o i l i n g  o f  t h e i r  e x t e r i o r ,  a s  b e in g  f r a g i l e  t h e y  cannot  
: r e a d i l y  be w iped or  c le a n e d  w ith o u t  th e  p o s s i b i l i t y  o f  
- d isp la c e m e n t  o f  th e  f l u i d  c o n t e n t s ,  and i f  such  o ccu rs  
th e  s o l u t i o n  q u ic k ly  d r i e s  upon th e  s u r f a c e ,  g i v i n g  r i s e  
j t o  a m is le a d in g  h a z e .  T his  w i l l  be c l e a r l y  shown by th e  
I  p h o to g r a p h s . In  c e r t a i n  o a s e s  t h i s  s o i l i n g  i s  u n a v o id -  
l a b l e  and when i t  o c c u r s ,  th e  s u r f a c e  sh o u ld  be wiped  
l i g h t l y  w ith  gauze s a t u r a t e d  i n  a b s o lu t e  a l c o h o l ,  
b e f o r e  v ie w in g  th e  r e s u l t s  o f  th e  t e s t .  A v e r y  f i n e  
p i p e t t e  sh o u ld  be employed f o r  ad d in g  th e  f l u i d s  t o  
t h e s e  fr a m e s ,  a s  th e  space  whi oh sh o u ld  e x i s t  betw een  
th e  c o v e r  g l a s s e s  or  s l i d e s  Should o n ly  occupy th e  
b rea d th  o f  about th r e e  v i s i t i n g  c a r d s .  The u se  o f  
b la c k  wax i n  th e  c o n s t r u c t io n  o f  t h e  fram es was found
I
I t o  be p r e f e r a b le  t o  th e  s ta n d a rd  g reen  c o lo u r  o f  
I p l a s t i c e n e ,  i f  p h otograph s have t o  be ta k e n ,  on a cco u n t  
I o f  th e  form er e l i m i n a t i n g  h ig h  l i g h t s .  (Vide  
I ph otograph s numbered 7 and 12) .
I V Î .
METHOD FOR ARRAl'fGING TUBBS .
When a la r g e  number o f  t e s t s  a r e  b e in g  con­
d u c te d ,  i t  i s  n e c e s s a r y  t o  have a r e l i a b l e  system  o f  
arrangem ent o f  th e  t u b e s ,  th e  c o n te n ts  o f  w hich  a r e  to  
be t e s t e d .  N u t t a l l  recommends th e  u se  o f  a wooden 
s ta n d  w i th  ra ck s  and a v e r t i c a l l y  moveable b la c k  b a ck -  
1 ground f o r  t h i s  p u r p o se .  The w r i t e r ,  how ever , p r e f e r s
i
t o  u se  ground g l a s s  p l a t e s  m easuring e ig h t e e n  in c h e s  
sq u a r e ,  on w hich to  arrange th e  d i f f e r e n t  s e r i e s  o f  
t u b e s .  The tu b e s  are  h e ld  i n  a v e r t i c a l  p o s i t i o n  on 
th e  p l a t e  by means o f  sm a ll  p e l l e t s  o f  p l a s t i c e n e ,  in to  
w hich  th e  ends o f  th e  tu b e s  a r e  embedded. T h is  does  
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n o t  obsoure th e  b a se  o f  t h e  tu b e  o th e r  th a n  th e  extrem e
t i p ,  a s  t h e  amount o f  p l a s t l c e n e  u sed  I s  s m a l l  and I s
found  t o  h o ld  th e  tu b e s  e f f i c i e n t l y .  The tu b e s  are
g iv e n  numbers and a r e  d iv id e d  i n t o  d i f f e r e n t  s e r i e s ,
d ep en d in g  on t h e  t e s t s  b e in g  made. Each s e r i e s  i s  
p r o v id e d  w i th  a d i s t i n g u i s h i n g  l e t t e r .  The numbers
a re  i n s c r i b e d  on th e  g l a s s  p l a t e  im m ed ia te ly  o p p o s i t e
t h e  tu b e  t o  w hich i t  r e f e r s ,  w hereas th e  l e t t e r s  are
I p la c e d  a t  th e  commencement o f  each  row, th u s  : -
0 0 0 0 0 B
0 0 c 0 0
1 2 3 4 5 1 2 3 4 5
0 0 0 0 0 D 0 0
0 0 0
G 1 2
C o n tr o ls
3 4 5 1 2 3 4 5
0 0 0 0 0 B 0 0 0 0 0
^ 1 2 3 4 5 1 2 3 4 5
0 0 0 0 0 D 0 0
0 0 0
G 1 2 3 4 5 1 2 3 4 5
Large numbers o f  tu b e s  can be p la c e d  on one 
p l a t e  o f  th e  s i z e  i n d i c a t e d .  The background f o r  
exam ining  th e  h a zes  and t u r b i d i t i e s  p r e s e n t  i n  th e  
e a r l i e r  s t a g e s  o f  a p o s i t i v e  r e a c t i o n  i s  o b ta in e d  by 
I  u t i l i s i n g  a p i e c e  o f  s t i f f  d u l l  b la c k  card b oard , w hich  
can be p la c e d  i n  any d e s ir e d  p o s i t i o n  by means o f  th e  
h and . The a d v a n ta g e s  o f  t h i s  method were found t o  b e : -
(1 )  The e a s e  w i th  w hich  th e  tu b e s  co u ld  be handled  and 
e x a m in e d .
(2 )  That th e  p l a t e s  w i t h  th e  tu b e s  th e r e o n  cou ld  be
removed from one p la c e  t o  a n o th e r  when d e s ir e d ,
w ith o u t  danger o f  th e  tu b e s  f a i l i n g  or  t h e i r
c o n te n ts  b e in g  d i s p l a c e d ,
(3 )  That th e  p l a t e s  a f t e r  u se  co u ld  be scrubbed and 
th e  p e n o i 1 marks removed.
(4 )  That th e  p l a t e s  co u ld  be p la c e d  a t  any l e v e l  t o
f a c i l i t a t e  a c c u r a te  ex a m in a tio n  o f  th e  tu b e s  i n  an
optimum l i g h t .
Y U v
2 4 .
m .
ANTISERmi.
Assume t h a t  s u i t a b l e  d i l u t i o n s  o f  b lo o d  have  
b e e n  made, and t h e  ty p e  o f  tu b e  or  frame t o  be employed  
h a s  been  d e term in ed , a t t e n t i o n  must n e x t  be d i r e c t e d  t o  
t h e  c o n d i t io n  o f  th e  a n t i s e r a  t o  be u s e d .  U hlenhuth  
em p h a sise s  th e  n e c e s s i t y  o f  e v e r y  a n t i  serum u sed  b e in g  
p roved  e f f e c t i v e  and s u g g e s t s  t h a t  th e  p r e p a r a t io n  and 
i t e s t i n g  o f  a n t i  s e r a  f o r  m e d ic o - l e g a l  p u rp o ses  shou ld  be 
; under s t a t e  c o n t r o l . T h is  i s  a most im p ortan t s u g g e s t io n  
I I t s  f o r c e  i s  r e a d i l y  a p p r e c ia t e d  when an exam iner in  th e  
I  B r i t i s h  I s l e s  makes an a ttem p t  to  o b t a in  a n t i  s e r a  f o r  
m e d ic o - le g a l  p u r p o se s .  The w r i t e r  en co u n tered  th e  
g r e a t e s t  d i f f i c u l t y  i n  o b t a in in g  s u p p l i e s ,  h a v in g  
d e c id e d  n ot t o  prepare  th e  a n im a ls  p e r s o n a l l y  on a cco u n t  
o f  c e r t a i n  c ir c u m s t a n c e s .  He found t h a t  s u p p l i e s  o f  
a n t i  serum were n o t  a v a i l a b l e  i n  B r i t a i n ,  but were o n ly  
o b t a in a b le  e i t h e r  from Germany or A m erica . The a n t i  s e r a  
u se d  i n  a l l  ex p er im en ts  by th e  w r i t e r  were s u p p l ie d  by  
S & ch sisc h e s  Serumwerk, A. G. , D r e sd e n . The a n t i s e r a  
were c o n ta in e d  in  h e r m e t i c a l l y  s e a le d  am poules each  
c o n t a in in g  one c u b ic  c e n t im e t r e ,  w h ich  were d e l iv e r e d  in  
padded l i g h t  t i n  t u b e s .  The a n t i  s e r a  were kept in  an  
i c e  c h e s t  when not a c t u a l l y  i n  u s e .  S u p p l ie s  were s e n t  
from D resden a t  i n t e r v a l s  t o  en su re  t h e i r  b e in g  i n  a 
f r e s h  c o n d i t i o n .
B e fo r e  u s in g  any a n t i  serum th e  c o n t e n ts  o f  th e  
ampoule were c a r e f u l l y  s c r u t i n i s e d  t o  determ ine t h e i r  
c l a r i t y .  I t  was found t h a t  i n  c e r t a i n  I n s ta n c e s  th e  
serum e x h i b i t e d  a haze a f t e r  t r a n s i t ,  but t h a t  on 
l e a v in g  th e  ampoules s ta n d in g  i n  a v e r t i c a l  p o s i t i o n  f o r  
tw e n ty  fo u r  h o u r s ,  i t  became a b s o l u t e l y  c l e a r .  In  o rd er  
t o  be q u i t e  c e r t a i n  t h a t  th e  serum t o  be u sed  was 
p e r f e c t l y  c l e a r ,  two drops were added t o  a tu b e  c o n ta in ­
in g  a  h a l f  cu b ic  c e n t im e tr e  o f  normal s a l i n e ,  i f  no 
haze was produced , th e  serum was c o n s id e r e d  s a t i s f a c t o r y  
f o r  u s e .  gxam inati on o f  t l ie  a n t i  serum b e fo r e  u se  i s  
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j e s s e n t i a l  t o  e l im in a t e  th e  p r e s e n c e  o f  c lo u d in g  or
I  o p a l e s c e n c e . R efe r e n c e  to  th e  l a t t e r  c o n d i t io n  w i l l  beI
jmade i n  some d e t a i l  l a t e r .  I f  th e  a n t i  serum be n o t  c l e a r ,  
j i t  w i l l  im part a haze t o  e v e r y  c l e a r  f l u i d  t o  w hich  i t  i s  
[ad d ed , th e r e b y  y i e l d i n g  m is le a d in g  r e s u l t s .  U hlenhuth  
I  has su g g e s te d  t h a t  some o f  th e  r e s u l t s  o f  K i s t e r  'and 
I  Wo I f f  20 and S t  rube on non-homo lo g o n s  b lo o d s  w ith  
[ d i f f e r e n t  a n t i s e r a ,  may be e x p la in e d  by t h e i r  h a v in g  u sed  
[ o p a le s c e n t  a n t i  s e r a , t h e i r  r e s u l t s  b e in g  c o n tr a r y  t o  t h o s e  
I o f  about f o r t y  o th e r  a u th o r s  .
I V I I I .
THB mCROSCOPIO APimRàNGB OF THE PRECIPITIN 
REACTION.
The a n t i  s e r a  h a v in g  been  found s a t i s f a c t o r y ,  
th e  d i l u t i o n s  o f  th e  s t a i n  a v a i l a b l e  and th e  c o n t a in e r s  
or tu b e s  f o r  th e  f l u i d  h a v in g  been  p r e p a r e d ,  th e  t e s t  may 
now be c a r r ie d  o u t , by th e  a d d i t i o n  o f  th e  a n t i  serum t o  
t h e  f l u i d  under t e s t .  The w r i t e r  i n  th e  b u lk  o f  h i s  
ex p er im en ts  added two drops o f  a n t i  serum to  about h a l f  a 
c u b ic  c e n t im e tr e  o f  each  d i l u t i o n .  When a n t i  serum i s  
[added t o  a  r e l a t e d  d i l u t e d  b lo o d  serum, depending on th e  
p o i n t  o f  c o n ta c t  betw een  th e  f l u i d s ,  i t  e i t h e r  runs down 
jthe s id e  o f  th e  tu b e  or drops d i r e c t l y  on t o  th e  upper  
l a y e r  o f  th e  f l u i d  column i n  th e  t u b e .  In  e i t h e r  c a se  i t  
s in k s  t o  t h e  bottom  and a t  th e  p o i n t s  o f  c o n t a c t ,  a m ilk y  
appearance i s  g iv e n  a lm ost  im m e d ia te ly .  T his  haze in  
t im e i n c r e a s e s  and becomes more d en se  a t  th e  b ase  o f  th e  
tube th a n  i n  th e  low er  h a l f  o f  th e  f l u i d  i n  th e  t u b e .
When th e  r e a c t i o n  i s  co m p le te ,a n d  a c c o r d in g  t o  U hlenhuth  
t h i s  sh o u ld  occu r  a t  th e  end o f  tw e n ty  m in u tes  f o r  
m e d ic o - l e g a l  work, th e  f l u i d  i s  c lo u d e d ,  e x c e p t  i n  th e  
upper t h i r d  o f  t h e  f l u i d  column, and a f l o c o u l e n t  d e p o s i t  
i s  u s u a l l y  observed  l y i n g  a t  th e  b ase  o f  th e  t u b e .  The 
d e p o s i t  i s  formed by f i n e  g r a n u le s  o f  p r e c i p i t i n  w hich  
i o a l e s c e  t o  form f l o o c u l i  , and s in k  t o  th e  bottom  o f  th e  
^ube a s  a  p r e c i p i t a t e .  The sm a l l  f l o c o u l e n t  mass 
p o s s e s s e s  a w h i t i s h  c o lo u r  a s  a r u l e .  (V ide photograph
Wo ./
20
i No. 5 ,  tu b e s  2 and 7; a l s o  p h otograph  No. 4 ,  tu b e s  1 and 
I 6 ) .  The above i s  d e s c r i p t i v e  o f  a p o s i t i v e  r e a c t i o n  in  
I t h e  lo w er  d i l u t i o n s ,  but i n  th e  h ig h e r  d i l u t i o n s ,  th e  
r e a c t i o n  i s  shown u s u a l l y  by t h e  fo r m a t io n  o f  a w h i t i s h  
c lo u d ,  but n o t  n e c e s s a r i l y  by th e  fo r m a t io n  o f  a 
p r e c i p i t a t e ,  u n l e s s  th e  d i l u t i o n s  have s to o d  f o r  about  
tw e n ty  fo u r  h o u r s .  Ziemke a s s e r t s  t h a t  n o t  i n f r e q u e n t ly  
I a marked c lo u d in g  may o ccu r  w hich  does  n o t  n e c e s s a r i l y  
I l e a d  t o  a d e p o s i t  a f t e r  tw e n ty  fo u r  h o u r s .  The w r i t e r  
i a g r e e s  t h a t  t h i s  may be so i n  h ig h  d i l u t i o n s  but he has
I
I  n o t o b serv ed  i t  when d e a l in g  w i t h  d i l u t i o n s  o f  l.lO C  to
I  1 : 1 , 0 0 0 .
U hlenhuth  and Beumer^;;  ^ have found t h a t  i n  a 
d i l u t i o n  o f  1 : IC ,0 CC th e  commencement o f  c lo u d in e s s  
sh o u ld  be ap p aren t i n  t h r e e  m in u tes  and w ith  a d i l u t i o n  
o f  1 :2 0 , 0 0 0  i n  about f i v e  m in u te s ,  prom e x p er im en ts  
c a r r ie d  out i t  would appear  t h a t  no hard and f a s t  r u le  
can be e n u n c ia te d  i n  r e l a t i o n  t o  th e  e x a c t  t im e when a 
c lo u d in e s s  f i r s t  e x h i b i t s  i t s e l f ,  nor  d oes  t h i s  f a c t  
appear t o  th e  w r i t e r  t o  be v e r y  im p ortan t i n  m e d ic o - l e g a l  
work, so lon g  a s  th e  r e a c t i o n  i s  d e f i n i t e l y  p o s i t i v e  a t  
th e  end o f  tw en ty  m in u te s .  The w r i t e r  lias  found t h a t  
c e r t a i n  a n t i  s e r a  a l th o u g h  c l e a r  t h e m s e lv e s ,  have im parted  
à v e r y  f a i n t  y e l l o w i s h  h a z e ,  when added t o  th e  low er  
d i l u t i o n s  o f  u n r e la te d  b lo o d ,  su ch  a haze need n e v e r  be 
c o n fu se d  w ith  a p o s i t i v e  r e a c t i o n  by an e x p e r ie n c e d  
o b s e r v e r ,  a s  i t s  appearance i s  q u i t e  t y p i c a l .  N e v e r th e ­
l e s s  t h e  u n s k i l l e d  exam iner shou ld  be warned a g a in s t  t h i s  
c o n d i t io n  l e s t  i t  shou ld  le a d  t o  an erro n eo u s  i n t e r p r e t a ­
t i o n  o f  th e  r e s u l t  o f  th e  t e s t .  U hlenhuth  and Beumerg]^
"s t a t e  t h a t  th e  e n t i r e  r e a c t i o n  sh ou ld  ta k e  p la c e  a t  
"room te m p e r a tu r e ,  and must be a t  an end w i t h in  tw en ty  
" m in u te s , f o r  f o r e n s i c  work. The r e a c t i o n s  w hich  occu r  
" a f t e r  h a l f  an hour a re  o f  i n t e r e s t  t o  th e  b i o l o g i s t ,
"but o f  no u se  t o  th e  m e d ic o - l e g i s t , who i s  concerned  
" w ith  th e  s p e c i f i c i t y  o f  th e  t e s t ,  and n ot w ith  th e  
" ’mammalian r e a c t io n '  a s  N u t t a l l  c a l l s  i t ,  which shows 
" th e /
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"the r e l a t i o n s h i p  w hich e x i s t s  betw een  v a r io u s  s p e c i e s " .
Kraus22  o b se r v e s  t h a t  3 7^ 0 . i s  th e  optimum 
tem p era tu re  f o r  th e  p r e c i p i t i n  r e a c t i o n .  Other  
a u t h o r i t i e s  a s  N u t t a l l ,  Wassermann and S c h ü tz 6 2  ^ and 
Myers2^ have con firm ed  t h i s .
S t r u b e , how ever, d oes  n o t la y  much s t r e s s  on 
t h e  t im e  ta k en  f o r  th e  fo r m a t io n  o f  a p o s i t i v e  r e a c t i o n  
and c o n s id e r s  s e v e r a l  hours may be n e c e s s a r y  b e f o r e  i t  
a p p e a r s .  The s t r e n g t h  o f  th e  a n t i  serum u se d  sh ou ld  be 
n o t e d .  The w r i t e r  u sed  a n t i  s e r a  o f  t i t r e  1 :2 0 ,0 0 0  f o r  
p r a c t i c a l l y  a l l  h i s  e x p e r im e n ts .  Both  U hlenhuth  and 
N u t t a l l  have drawn a t t e n t i o n  t o  th e  f a c t  t h a t  o v e r ­
p o w e r fu l  a n t i  s e r a  may prove t o  be a so u r ce  o f  e r r o r  in  
m e d ic o - l e g a l  w ork, and U h len h u th , K i s t e r  and iV olff  and 
Swing have s t a t e d  t h a t  when an a n t i  serum i s  so pow erfu l  
I a s  to  produce a  r e a c t i o n  in  u n r e la te d  b lo o d s ,  i t s  a c t i o n  
I  sh o u ld  be weakened by d i l u t i n g  i t  w ith  s a l t  s o l u t i o n .
I  _
EXFERIMSNTS WITH THE PRECIPITIN TEST.
The w r i t e r  f o l lo w e d  th e  s u g g e s t io n  o f  
U h len h u th  in  regard  t o  k eep in g  a s t o c k  o f  b lo o d  s t a i n s  
o f  v a r io u s  a g e s ,  produced by t h e  b lo o d  o f  d i f f e r e n t  
a n im a ls ,  so t h a t  a sample o f  b lo o d  o f  th e  kind a l l e g e d  
t o  be p r e s e n t  in  a s t a i n  under ex a m in a t io n  and o f  
n e a r ly  th e  same age would be a v a i l a b l e .  !Ehe b lo o d s  
kept among o th e r s  were th o s e  o f  p i g ,  o x ,  s h e e p ,  and c f  th e  
I human, in c lu d in g  f o e t a l .  These were d r ie d  on f i l t e r  
! paper and th e  d a te  i n s c r i b e d .  Human b lo o d  d r ie d  upon 
I  a p p r o x im a te ly  t h i r t y  d i f f e r e n t  t y p e s  o f  f a b r i c  and upon 
I many d i f f e r e n t  k in d s  o f  wood and l e a t h e r s  was a l s o  a t  
I hand . In  m e d ic o - le g a l  work i t  i s  e s s e n t i a l  t o  have  
I c o n t r o l s  o f  th e  t e s t ,  u s in g  d i f f e r e n t  b lo o d s .  I t  i s  
a l s o  n e c e s s a r y  t o  t e s t  th e  b lo o d  s o l u t i o n  under  
I ex a m in a t io n  w i th  th e  d i f f e r e n t  a n t i s e r a  in  s u c c e s s i o n  
I u n t i l  a p o s i t i v e  r e a c t io n  i s  o b ta in e d ,  i f  th e  b lood  i s  
I  t o  be i d e n t i f i e d  f u r t h e r  th a n  a s  b e in g  human b lood  or  
I n o t . /
2 8 .
; n o t .  The f o l l o w i n g  e x p er im en ts  were c a r r ie d  out w i th  
■ human, f o e t a l ,  and m a te r n a l ,  o x ,  s h e e p ,  p i g  and p a r t r id g e  
 ^ b lo o d s  u s in g  anti-hum an serum, In  o r d e r  t o  s tu d y  c l o s e l y  
: th e  r e a c t i o n s .  The s t r e n g t h  o f  th e  a n t i  s e r a  u se d  was 
I t i t r e  1 :20  ,000 .
A P o e ta l  b l o o d . 8 weeks o l d .  Anti-hum an serum u s e d .  
1 . 1 :1 0 0 .
M arkedly p o s i t i v e  r e a c t i o n  a t  th e  
end o f  20  m in u tes  .
1:1  ,000 . 
1 :5 ,0 0 0 . 
1 : 1 0 ,0 0 0  
1 :2 0 , 0 0 0
1 .  D i s t i n c t  c lo u d  a t  th e  end o f  10 
m in u tes  .
2 .  t o  5 .  S l i g h t  c lo u d  a t  th e  end o f
10  m in u te s .
£ .  P o e ta l  b l o o d . 12 weeks o l d .  Anti-hum an serum u s e d .
D
1 . 1:100 . D i s t i n c t  c lo u d  a f t e r  ) 
10 m in u te s .  ) M arkedly p o s i t i v e
2. 1:1 ,000 . S l i g h t  c lo u d  a f t e r  ) 
10 m in u te s .  ) r e a c t 1 on a t  th e
3. 1:5,000 . V . s i .  o lou d  a f t e r  )
10 m in u te s .  ) end o f  20
4 . 1:10,000 . V. s i .  o lou d  a f t e r  ) 
10 m in u te s .  ) ml n u te s  .
M aternal b lo o d .  8 weeks o l d .  Anti - human serum u s e d .
1. 1:100. D i s t i n c t  o lou d  a f t e r  
10 m in u te s .
2 . 1 :1 ,000. S l i g h t  c lo u d  a f t e r  
10 m in u t e s .
) Markedly p o s l -
3. 1:5 ,000 . S l i g h t  o lou d  a f t e r  10 m in u te s .
) t l v e  r e a c t i o n
4 . 1:10,000 . S l i g h t  c lo u d  a f t e r  
10 m in u t e s .
) a t  end o f  20
5. 1:20 ,000. S l i g h t  c lo u d  a f t e r ) m in u te s .10 m in u t e s . )
M aternal b lo o d .  12 weeks o l d .  Anti -human serum u s e d .
1 . 1:100 . D i s t i n c t  c lo u d  a f t e r  
10 m in u tes  .
)\
2. 1:1 ,000 . S l i g h t  c lo u d  a f t e r  
10 m in u te s .
) M arkedly p o s l -
3 . 1:5,000 . S l i g h t  c lo u d  a f t e r  10 m in u te s .
) t l v e  r e a c t i o n  
)
4 . 1:10,000. S l i g h t  c le u d  a f t e r  
10 m inutes .
) a t  end o f  20
)
5 . 1:20,000 . S l i g h t  o loud  a f t e r  10 m in u t e s .
) m in u te s .  
)
M aternal b l o o d . l 6 weeks o l d .  Anti-human serum u s e d .
1 . 1 : 1 0 0 .
2 . 1 : 1 ,0 0 0 . 
3 . 1 :5 ,0 0 0 .
4 .  1 :1 0 ,0 0 0
5 . 1 :20 ,0 0 0
Oloud a f t e r  10 m in u te s .)
S i . o lou d  " 10 
S i  . c lo u d  '* 10 
S i  . c lou d  " 10 
S i .  o loud  " 10
) M arkedly
)
) p o s i t i v e  r e -  
)
) a c t i o n  a t  end
)
) o f  20  m in u te s .
P . /
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Ü . o x  b l o o d . 8 w eeks o l d .  A n t i - o x  serum u s e d .
D1l u t 1 on. 2 m in u t e s . 5 m in u tes  . 1 0  m in u te s . 2o m in u t e s .
1 : 1 0 0 . V. Ft . 
C lo u d .
D1 s t l n o t  
C lo u d .
V . D i s t i n c t  
C loud.
Markedly  
p o s i t i v e  
r e a c t io n  
In a l l .
1 : 1 , 0 0 0 .
I« I f
1 :5 ,000  . U M
1 : 1 0  , 0 0 0  . No C loud . V ery s i . 
C lo u d .
t f
: 1 : 2 0 , 0 0 0  . No C lou d . S i .  Cloud.
N e g a t iv e  r e s u l t s  a f t e r  24 h o u r s .
A l l  n e g a t iv e  a f t e r  24 h o u r s .
b -  Sheep b lo o d  - 8 weeks o l d .  A n t i - o x  serum u s e d .
i
I 1 :100 .
1 :1 ,0 0 0 .
1 :5,000  .
1 : 1 0 ,0 0 0 .
1 :2 0  ,000  .
a .  P a r tr id g e  b l o o d . 12 weeks o l d .  Ant 1 - o x  serum u se d .  
E x tr a c te d  from t h i c k  b la n k e t  m a t e r i a l ,  t h e r e a f t e r  
s o l u t i o n s  were c e n t r i f u g e d .
1 :1 0 0 .
1:1  ,000 .
1 :5 ,0 0 0 .
1 :1 0 ,0 0 0 . 
1 :2 0 ,0 0 0 .
The r e s u l t s  speak  f o r  th e m se lv e s  , but comment 
I s  n e c e s s a r y  In  regard  t o  c e r t a i n  d i f f e r e n c e s  In th e  
r e a c t i o n ,  when f o e t a l  b lood  was used  a s  opposed t o  
p a t e r n a l  b lo o d .  Halban and L a n d s te ln e r g ^ ,  have r e p o r te d  
Ibhat f o e t a l  b lo o d  y i e l d s  more p r e c i p i t i n  w i th  p r e c i p i t a t ­
in g  a n t i  serum than  does m a te r n a l ,  and t h a t  anti-hum an  
serum g i v e s  r e a c t io n s ,  w i th  h ig h e r  d i l u t i o n s  o f  a d u l t  
serum th a n  o f  f o e t a l  serum. We do n o t  a g ree  w i th  th e  
l a t t e r  f in d i n g  so  f a r  a s  our t e s t s  w en t ,  but we a re  In  
3om plete agreem ent w i t h  th e  form er s ta tem en t  .
I - /
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! •  Pig* g b l o o d . 8 weeks o l d .  A n t i - o x  serum t i t r e  
I 1 :2 0 , 0 0 0  u s e d .
I 1 : IOC . )
1 )
I 1:1 ,000.  )
I 1*5  0 0 0 . ) N e g a t iv e  a t  th e  end o f  24 h o u r s .
)
1 1 : 1 0 ,0 0 0 . )
1 )
I 1 : 2 0 ,0 0 0 .  )
I The p o s i t i v e  r e s u l t s  o f  t h e s e  t e s t s  p r a c t i c a l l y
a g r e e  w i t h  U hlenhuth  and Beumer^]^ who s t a t e  t h a t  when a  
1 : 1 0 ,0 0 0  d i l u t i o n  i s  u s e d ,  w i t h in  3  m in u te s ,  and when a
'1 :2 0 ,0 0 0  d i l u t i o n  i s  U sed , w i t h in  5 m in u te s ,  th e
I b e g in n in g  o f  a c lo u d in e s s  sh o u ld  be a p p a r e n t ,  and t h a t  
j th e  e n t i r e  r e a c t i o n  sh o u ld  ta k e  p la c e  a t  room te m p era tu re ,
I and must be a t  an end w i t h in  20 m inutes  f o r  f o r e n s i c  
Iwork. The f o l l o w i n g  f u r t h e r  t e s t s  were made.
I A . S h e e p 's  b lo o d .  10 weeks o l d .  A n t i - p i g  serum u s e d .
I - T i t r e  1 : 2 0 ,0 0 0 .
I 1:100;  1 : 1 , 0 0 0 ;  1 :5 ,0 0 0 ; 1:10 ,000;  1 :2 0 , 0 0 0 .
I A l l  were n e g a t iv e  even  a f t e r  48 h o u r s .  (V ide
I photograph  No. 2 . )
M aternal b lo o d . 12 w eeks o ld .  A nti-hum an serum u se d .
T i t r e  1 : 2 0 ,0 0 0 .
1 o . c .  o f  d i l u t i o n s  was added t o  each  D ryer  tu b e .  
1 : 1 0 0 ; 1 : 1 ,0 0 0 ; 1 :5 ,0 0 0 ; 1 : 1 0 ,0 0 0 ; 1 :2 0 ,0 0 0 .
I  A l l  were p o s i t i v e  w i t h in  20  m in u te s .  (V ide
photograph  No. 3  D e f t . )
Maternal b l o o d . 12 weeks o l d .  Anti-human serum u sed  
~  T i t r e  1 : 2 0 ,0 0 0 .  1 o . c .  o f  ea ch  d i l u t i o n  was added to
I each  lon g  t h i n  t u b e .  3  drops o f  anti-hum an serum
i
I were added t o  e a c h .
1 : l o o  ; 1 : 1 , 0 0 0 ;  1 : 5 , 0 0 0 ;  1 : 1 0 , 0 0 0  ; 1 : 2 0 , 0 0 0 .
A l l  were p o s i t i v e  w i t h in  20 m in u te s .  (V ide  
photograph  L e f t  No. 4 . )
M aternal b lo o d .  12 weeks o l d .  Anti-human serum u se d .  
—3 * —  -------------------
T itr e  1 : 2 0 ,0 0 0 .  M icroscope s l i d e s  mounted in  
p la s t io e n e  fra m es , were used  and 2  drops o f  a n t i  serum  
w ere added to  e a c h . I f  c . c .  o f  each  d i l u t i o n  were 
added/
3'l .
added t o  ea c h  frame .
1:10C; 1:1,000; 1:5,000; 1:10,000; 1:20,000.
A l l  were p o s i t i v e  w i t h in  20 m in u te s .  (V ide  
photograph  N o . ? •)
M aternal b l o o d . 12 weeks o l d .  Anti-hum an serum u sed  
T i t r e  1 :2 0 ,0 0 0  . Durham tu b e s  were u s e d .  1 o . o .  o f  
eaoh  di l u t i  on was t r a n s f e r r e d  to  each  t u b e . 3  drops
o f  a n t i  serum were added t o  eaoh .
1 : loo ; 1 :1,000; 1:5 ,000; 1:10,000; 1:20,000 .
A l l  were p o s i t i v e  w i t h in  20 m in u te s .  (V ide  
p h otograph  Ho. 3 R ight)  .
M aterna l b l o o d . Wassermann tu b e s  u s e d .
1:100  ; 1 : 1 ,0 0 0  ; 1 : 5 ,000 ; 1 : 1 0 ,0 0 0  ; 1:20  ,000 .
7 drops  
serum .
6 drops  
seru m .
3  drops  
serum.
Not 
d o n e .
3 drops  
serum.
I A l l  were p o s i t i v e  a t  th e  end o f  20 m in u te s .  The rea so n
I o f  th e  la o k  o f  u n i fo r m ity  i n  th e  amount o f  human a n t i  serum
I added was due to  th e r e  b e in g  d i f f e r e n t  q u a n t i t i e s  o f  th e  
I d i l u t i o n s  In  th e  t u b e s .  (V ide photograph  N o. 6 L e f t ) .
! .  M aternal B lo o d . Cover g l a s s e s  mounted In  p l a s t i o e n e  
! fram es were u se d .  1 o . o .  o f  eaoh d i l u t i o n  was added to  
eaoh  fra m e . 3  drops o f  anti-hum an serum were added t o  
eaoh  o f  th e  f o l l o w i n g  d i l u t l o n s : -  
1 : 1 0 0 ; 1 : 1 ,0 0 0 ; 1 : 5 ,0 0 0 ; 1 : 1 0 ,0 0 0 ; 1 : 2 0 ,0 0 0  .
A l l  were p o s i t i v e  a t  th e  end o f  20 m in u te s .
^ 1 -  Ox B lo o d . 10 weeks o ld .  Durharas tu b e s  were u s e d .  
[ D i lu t i o n s  1:100; 1 : 1 ,0 0 0 ;  1 : 5 ,0 0 0 ;  1 :1 0 ,0 0 0 ;  1 :2 0 ,0 0 0 .
3 drops a n t i - o x  serum were added t o  eaoh tube c o n t a in in g  
1 c . c .  o f  eaoh d i l u t i o n .
A l l  were p o s i t i v e  a t  th e  end o f  20 m in u te s .  (V ide  
p h otograph  No. 5 R i g h t ) .
o x  B lo o d . 10 weeks o l d .  Durhams tu b e s  u s e d .  1 o .o .  
o f  ea ch  d i l u t i o n  was added t o  each  t u b e ,  t h e r e a f t e r  3 
drops o f  a n t i - o x  serum .
D i l u t i o n s  1 :100; 1 :1 ,0 0 0 ;  1 :5 ,0 0 0 ;  1 :1 0 ,0 0 0 ;  1 :2 0 ,0 0 0  
were u s e d .  A l l  Were, p o s i t i v e  a t  th e  end c f  20 m inutes.
32.
(V id e  p h otograph  No. 5 L e f t )  .
0:3 . Ox B lo o d . M iorosoope s l i d e s  in  p l a s t i o e n e  fram es  
w ere u s e d .  1-g- o » o . s  o f  eaoh  d i l u t i o n  were added . 2 drops  
o f  a n t i - o x  serum were added t o  ea o h .
D i l u t i o n s  1 :1 0 0 ;  1 : 1 ,0 0 0 ;  1 : 5 ,0 0 0 ;  1 :1 0 ,0 0 0  were u se d .
A l l  were p o s i t i v e  a t  end o f  20 m in u t e s .
Ox B l o o d . Cover g l a s s e s  i n  p l a s t i o e n e  frame u s e d ,  
f  o . c .  o f  eaoh  d i l u t i o n  v^as added t o  eaoh t u b e .  2 drops  
a n t i - o x  serum were added t o  e a o h .
D i l u t i o n s  1 :1 0 0 ;  1 : 1 ,0 0 0 ;  1 : 5 ,0 0 0 ;  1 : 1 0 ,0 0 0 ;  1 :2 0 ,0 0 0  
were u s e d .  A l l  were p o s i t i v e  a t  end o f  20 m in u te s .
• F o e t a l  B lo o d . 12 weeks o l d .  Long t h i n  tu b e s  were
[employed. 1 0 . 0 . o f  eaoh d i l u t i o n  was added t o  eaoh tube.  
13 drops o f  anti-hum an serum were added t o  eaoh .
D i l u t i o n s  1 :1 0 0 ;  1 :1 ,0 0 0 ;  1 : 5 ,0 0 0 ;  1 : 1 0 ,0 0 0 ;  1 :2 0 ,0 0 0  
were u s e d .  A l l  were p o s i t i v e  a t  th e  end o f  20 m in u te s .  
KVlde p h otograph  No. 4  R ight) .
D,%. Foe t a l  B lo o d . Cover g l a s s  fram es were u s e d .
1 o . c .  o f  eaoh d i l u t i o n  was added to  eaoh  fra m e . 2 drops  
Of anti-hum an serum were added .
b i l u t i o n s  1 : 1 0 0 ; 1 : 1 ,0 0 0 ; 1 : 5 ,0 0 0 ; 1 : 1 0 , 0 0 0 ; 1 :2 0 , 0 0 0  
were u s e d .
A l l  r e s u l t s  were p o s i t i v e  a t  th e  end o f  20  m inutes  .
F o e ta l  B lo o d . M iorosoope s l i d e  fram es were u se d .
 ^ o - o . s  o f  each  d i l u t i o n  were added t o  each  fram e. 3 
hrops o f  anti-hum an serum were added t o  eaoh .
I
D i l u t i o n s  1:100 ; 1 : 1 ,0 0 0 ;  1 :5 ,0 0 0 ;  1 :1 0 ,0 0 0 ;  1 :2 0 ,0 0 0  
were u s e d .  A l l  were p o s i t i v e  a f t e r  20 m in u t e s .
(v id e  photograph No. 8 .)
F ig  B lo o d . 10 weeks o l d .  3 0 . 0 . s  o f  eaoh d i l u t i o n  
were added t o  eaoh Wassermann t u b e .  6 drops o f  a n t i - p i g  
serum were added t o  ea o h .
D i l u t i o n s  1 :1 0 0 ;  1 :1 ,0 0 0 ;  1 : 5 ,0 0 0 ;  1 :1 0 ,0 0 0 ;  1 :2 0 ,0 0 0
I  ■ ,  ■
Were u s e d .  A l l  were p o s i t i v e  a f t e r  20  m in u te s .
(V ide photograph  N o . 6 , R ig h t ) .
I g /
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S o. PI g B lo o d . Cover g l a s s  frame method was u se d .
1 0 . 0 . o f  eaoh  d i l u t i o n  was added t o  eaoh t u b e .  2 drops  
o f  a n t i - p i g  serum were added t o  ea o h .
D i l u t i o n s  1 ;1 0 0 ;  1 : 1 ,0 0 0 ;  1 : 5 ,0 0 0 ;  1 :1 0 ,0 0 0  ; 1 :2 0 ,0 0 0
I w ere u s e d .  A l l  were p o s i t i v e  a f t e r  20  m in u te s .
! P i e  B lo o d .  Durham tu b e  m ethod, 1 o . o .  o f  eaoh
I 3* —
i d i l u t i o n  was added t o  e a o h . 3  drops o f  a n t i - p i g  serum  
i were added t o  ea o h .  A l l  were p o s i t i v e  a f t e r  2c m in u te s .
D i l u t i o n s  1 :1 0 0 ;  1 : 1 ,0 0 0 ;  1 : 5 ,0 0 0 ;  1 : 1 0 ,0 0 0 ;  1 :2 0 ,0 0 0  
; were u s e d .
i  1^. Human B lo o d . M iorosoope s l i d e  fram es were u se d .
2 0 . 0 . s  o f  eaoh d i l u t i o n  were ad d ed . 3 drops o f  a n t i -  
human serum were added . A l l  were p o s i t i v e  a f t e r  2o 
m in u te s .
D i l u t i o n s  1 :100;  1 :1 ,0 0 0 ;  1 : 5 ,0 0 0 ;  1 : 1 0 ,0 0 0 ;  1 :2 0 ,0 0 0  
I  w ere u s e d ,  (Vide photograph  No. 9 - )
I P p .  A d i l u t i o n  o f  1:100 f o e t a l  b lo o d  12 weeks o ld  was
i “t r e a t e d  w ith  1 drop anti-hum an serum. C a p i l la r y  tube
j m ethod. D e f i n i t e l y  p o s i t i v e  r e a c t i o n  o b ta in e d  a f t e r
I 10 m in u te s .  (V ide photograph  N o . 10 , R i g h t ) .
I  Wxr, A d i l u t i o n  o f  1:100 human b lo o d  l 6 weeks o ld  was 
\ - 2
! u s e d ,  3  drops o f  anti-hum an serum were added t o  I t  o . o . s  
o f  th e  d i lu t  i o n .
A p o s i t i v e  r e a c t i o n  was o b ta in e d  a t  th e  end o f  20 
m in u te s .  (V ide photograph  N o . 1 1 ) .
g .  A d i l u t i o n  o f  1:100 p i g ' s  b lo o d  about 17 weeks o ld
was u s e d .  1& o . o . s  were added t o  a  co v e r  s l i p  frame and
!
I  3 drops o f  a n t i —p ig  serum were added . A p o s i t i v e  
I  r e a c t i o n  was o b ta in e d  a t  th e  end o f  2o m in u te s .  (V ide  
photograph No. 12) .
E .
BXPERIMEINTS WITH QPALRiSCBNT ANTI-HORSE SERUM, 
o p a le s c e n t  a n t iseru m  by im p a rtin g  a t u r b i d i t y  
t o  e v e r y  c l e a r  s o l u t i o n  t o  w hich  i t  i s  added v i t i a t e s  th e  
t e s t .  By chance a  q u a n t i t y  o f  a n t i - h o r s e  serum s u p p l ie d  
t o  th e  w r i t e r  was found t o  be o p a le s c e n t  i n  c h a r a c te r ;  
advantage was ta k e n  o f  th e  f a c t  t o  conduct th e  f o l l o w i n g  
e x p e r im e n t s , /  - ,
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e x p e r im e n ts ,  In  ord er  t o  a s c e r t a i n  th e  e x t e n t  t o  w hich  
su c h  an a n t i  serum when added t o  an u n r e la te d  b lo o d  m ight  
s im u la te  a  p o s i t i v e  r e a c t i o n .
P h easan t  B lo o d . 12 weeks o l d .  O p a le sc e n t  a n t i - h o r s e  
serum was u s e d .  The b lo o d  was e x t r a c t e d  from t h i c k  
b la n k e t  and th e  s o l u t i o n  c e n t r i f u g e d .  (V ide photograph  
No . 1) .
1 :1 0 0 .  T u r b ld l t y .  )
) In  a l l  Immedl-
1 : 1 ,0 0 0 .  Turbl dl t y .
D I l u t i o n s  
u s e d .
a t e l y  f o l l o w i n g  
th e  a d d i t i o n  o f  
) th e  a n t i  serum.
1 : 5 ,0 0 0 .  T u r b l d i t y .
1 :1 0 ,0 0 0  . T u r b id i t y .  )
( 1 : 2 0 ,0 0 0 .  T u r b id i t y .  )
F u r th er  advantage  was ta k e n  o f  t h e  su p p ly  o f  
o p a le s c e n t  a n t i - h o r s e  serum t o  d em on strate  t h a t  when i t
I
I i s  added t o  normal s a l i n e  a d e f i n i t e  haze  i s  im m ed ia te ly  
I d e v e lo p e d ,  whereas an a n t i  serum w hich i s  in  good c o n d i t io n  
w i l l  n o t  produce any h a z e ,  th e  s a l i n e  rem ain ing  p e r f e c t l y  
I  c l e a r .  T h is  has been n o te d  by U h len h u th , who furtherm ore  
[ s t a t e s  t h a t  a s l i g h t  o p a le sc e n c e  i s  u s u a l l y  p e r c e p t i b l e  
when any a n t i  serum i s  added t o  b lo o d  d i l u t i o n s ,  th e  tube  
b e in g  v iew ed  by s tr o n g  t r a n s m it t e d  l i g h t ,  but th e  c lo u d in g  
h e r e  r e f e r r e d  t o  i s  much more marked. In  th e  r e s u l t s  
r e c o r d e d  above i t  w i l l  be n o ted  t h a t  th e  t u r b i d i t y  i s  
u n iform  i n  a l l  d i l u t i o n s .
To 1 c . c .  o f  *85^ s a l i n e  4  drops o f  o p a le s c e n t  
a n t i - h o r s e  serum were added. These im parted  a v e r y  
d i s t i n c t  t u r b i d i t y  t o  th e  s a l i n e  s o l u t i o n  and produced aI
[d e p o s i t  a f t e r  s ta n d in g  f o r  24 h o u r s .  (V ide photograph  
[No . 1^) .
[The p r e se n c e  o f  a d e p o s i t  i n  t h i s  reg a rd  has n o t been  
reco rd ed  p r e v i o u s l y  so f a r  a s  th e  w r i t e r  i s  aw are.
To t h e  same amount o f  s a l i n e  i n  a n o th e r  tube  
4  drops o f  a n t i - p i g  serum i n  good c o n d i t io n  were added.
The s a l i n e  i n  t h i s  ca se  rem ained c l e a r ,  t h e r e  b e in g  o n ly  a  
v e r y  s l i g h t  y e l lo w  t in g e  im parted  t o  th e  f l u i d ,  due t o  
jthe p a le  s traw  c o lo u r  o f  th e  a n t i  serum. (Vide photograph  
N o . I g . )
I  N u tta l  1/
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H u t t a l lg ^ ,  Uhlenhuth^-^, M le ssn e r  and R ç s to sk l^ g  
have enoGuntered o p a le s c e n t  a n t i  s e r a .  The t r u e  cause  o f  
an o p a le s c e n t  serum i s  a p p a r e n t ly  n ot y e t  beyond s u r m ise .  
U hlenhuth  s t a t e s  t h a t  he has en co u n tered  th e  c o n d i t io n  
muoh more f r e q u e n t l y  in  in t r a v e n o u s ly  t r e a t e d  a n im a ls .
D r .  Graham-Smith has found s e v e r a l  r a b b i t s  y i e l d i n g  
o p a le s c e n t  a n t i  s e r a  t o  be a f f e c t e d  by O y s t i o e r o i .
A lth o u g h  th e  t r u e  cau se  o f  o p a le s c e n c e  has n o t y e t  been  
e s t a b l i s h e d ,  t h i s  does n o t a f f e c t  th e  p o s i t i o n  o f  th e  
mediC O - l e g a l  exam iner , who must be on h i s  guard a g a in s t  
i t s  u s e .  On a p p ly in g  such  an  a n t i  serum t o  normal s a l i n e ,  
a o loud  o f  un iform  c h a r a c te r  i s  a lm o st  im m ed ia te ly  
p ro d u ced . I t  a f f e c t s  th e  w hole f l u i d  and i s  n o t  r e ­
s t r i c t e d  t o  th e  low er  two t h i r u s  o f  th e  tu b e  a s  i s  th e  
p r e c i p i t i n  r e a c t i o n .  (Vide photograph No . 1 ) .
O bservât! ons . When any doubt a r i s e s  a s  to  
w h eth er  th e  a n t i  serum to  be used  i s  l i k e l y  to  impart a 
h a z e  on a cco u n t o f  i t s  c o n d i t io n  and n ot a s  th e  r e s u l t  o f  
a  p o s i t i v e  a c t i o n ,  th e  s a l i n e  t e s t  a s  above shou ld  be 
made, p r i o r  t o  p r o c e e d in g  w i t h  th e  p r e c i p i t i n  t e s t .  The 
w r i t e r  f e e l s  s a t i s f i e d ,  a s  t h e  r e s u l t  o f  th e  many t e s t s  
he has c a r r ie d  o u t ,  t h a t  c e r t a i n  a n t i s e r a ,  a l th o u g h  f r e s h ,  
may im part a v e r y  s l i g h t  haze when added t o  an u n r e la te d  
b lo o d ,  but t h i s  need n ev er  be c o n fu se d  w i t h  a d e f i n i t e  
p o s i t i v e  r e a c t i o n ,  when th e  exam iner has s u f f i c i e n t  
e x p e r ie n c e .  When a haze due t o  o p a le sc e n c e  o c c u r s ,  i t  
shows i t s e l f  im m ed ia te ly  th e  a n tiseru m  i s  added, and does  
h o t in c r e a s e  in  amount a s  th e  r e s u l t  o f  t im e .
i X Ï .
I
I THE APPLICATION OF THS PRECIPITIN TEST
IN CRIMINAL GASES.
m hfi A n n l i  o a t i  on o f  th e  P r e c i n i t i n  T es t  in  a c a se  o f
Horn!c i  d e .
The age o f  th e  s t a i n  was e ig h t  w e e k s .  A 
s u s p ic io u s  s t a i n  was found upon th e  s h i r t  o f  a c c u s e d .  The 
s t r e n g t h  o f  th e  e x t r a c t  from th e  s t a i n ,  w hich  was o b ta in e d  
w ith  normal s a l i n e  a f t e r  s t e e p i n g  f o r  24 h o u r s ,  was 
E st im a te d /
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e s t im a te d  a s  b e in g  about 1;5G on aooount o f  th e  p o s i t i v e  
o h a r a o te r  o f  t h e  foam t e s t  and th e  c o lo u r  o f  th e  s o lu t io n ,  
The m a te r ia l  on w hich th e  s t a i n  was Imposed was t e a s e d  
out In  s a l i n e  w i t h  n e e d le s  t o  f a c i l i t a t e  th e  e f f e c t i n g  
o f  a s o l u t i o n  o f  serum . The e s t im a te d  s t r e n g t h s  o f  th e  
d i l u t i o n s  u sed  f o r  th e  t e s t  w e r e : -  
1 : 5 0 0 ,  1 :1 ,0 0 0  , and 1 : 3 ,0 0 0 .  I t  was n o t th ou gh t  
e x p e d ie n t  t o  u se  th e  1:50  e x t r a c t  a s  th e  c o lo u r  was to o  
deep and would p rob a b ly  mask th e  r e a c t i o n .  To p r e c lu d e  
t h e  p o s s i b i l i t y  o f  th e  b lo o d  b e in g  t h a t  o f  th e  cow, 
c o n t r o l  t e s t s  were made u s in g  a n t i - o x  serum . Wassermann 
tu b e s  were u s e d .
Tube 1 .
1 :5 0 0  e x t r a c t  from s t a i n  
4 drops anti-hum an serum 
a d d e d .
Tube 2 .
1 : 1 , 00C e x t r a c t  from s t a in .  
4 drops anti-hum an serum  
a d d e d .
Tube 3 .  
1 : 3 , 0 0 0  o f  e x t r a c t  from  
s t a i n .  4  drops a n t i - o x  
serum added.
Tube 4 .
Normal s a l i n e . 4  drops
anti-hum an serum added .
Tube 5 .
1 : 1 ,0 0 0  d i l u t i o n  o f  human 
b lo o d  e x t r a c te d  from  
f i l t e r  p ap er-  S t a i n  was 
o f  same date  a s  th e  one 
under t e s t .  4 drops a n t i ­
human serum added ,
Tube 6 .
1:500  ox  b lo o d  e x t r a c te d  
from f i l t e r  p a p er ,  same 
age a s  s t a i n  under t e s t .  
4  drops anti-hum an serum 
a d d e d .
Tube 7 .
1 : 1 ,0 0 0  di l u t i  on o f  ox  
b lo o d  e x t r a c t e d  from  
f i l t e r  p a p e r ,  same age as  
s t a i n  under t e s t .  4  
drops anti-hum an serum 
a d d e d .
Tube 8 .
1 :1 0 0  d i l u t i o n  ox b lood  
e x t r a c te d  from f i I t e r  
p a p er ,  same age a s  s t a i n  
under t e s t . 4  drops a n t i
ox serum were added.
The/
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The s a l i n e  rem ained c l e a r  on th e  a d d i t i o n  o f  
t h e  anti-hum an serum w h ich  was i n  good c o n d i t io n .
R e s u l t s .
(V ide photograph  No. 13) .
Tube 1 .  
P o s i t i v e  r e ­
a c t i o n  w i t h in  
20 m in u te s .
Tube 2 .  
P o s i t i v e  r e ­
a c t !  on w i t h ­
in  20 
m in u t e s .
mube 3 .  
N e g a t iv e  
a f t e r  3  
h o u r s .
nfube 4 . 
C l e a r .
vube 5 . 
P o s i t i v e  r e ­
a c t i o n  w ith ir  
20  m in u t e s .
Tube 6 . 
N e g a t iv e  
a f t e r  3 
h o u r s .
Tube__Z. 
N e g a t iv e  a f ­
t e r  3  h o u r s .
Tube 8 . 
P o s i t i v e  
w it h in  20 
m in u t e s .
The t e s t s  proved c o n c l u s i v e l y  t h a t  th e  s t a i n  
t e s t e d  was composed o f  human b lo o d .
The ap p l i c a t i o n  o f  th e  P r e c i p i t i n  T est  in  a case  
---------  oY^l^urder.
A p o r t io n  o f  s t a i n  was removed from a J a c k e t ,  
a v e s t  and t r o u s e r s  o f  th e  a c c u se d  man. These e x h ib i t e d  
a d u l l  d i r t y  a p p ea ra n ce ,  th e  whole o f  th e  a r e a s  o ccu p ied  
by th e  s t a i n s  b e in g  mud c o v e r e d .  The s i z e  o f  th e  
p o r t io n s  e x c i s e d  v a r ie d  from one in c h  to  about two in ch es  
s q u a r e .  These were p la c e d  i n  s e p a r a te  watch g l a s s e s ,  and 
s t e e p e d  i n  a r e q u i s i t e  amount o f  "85#  s a l i n e  f o r  a 
p e r io d  o f  24 h o u r s .  T h e r e a f te r  th e  c l o t h i n g  v«?as t e a s e d  
out by means o f  mounted n e e d l e s ,  u n t i l  th e  f a b r i c  in
each  in s t a n c e  formed a p u lpy  mass . The e x t r a c t  was th e n  
removed by means o f  a p i p e t t e  in t o  s e p a r a te  Wassermann 
t u b e s .  The e x t r a c t  was found t o  be a mud c o lo u red  
s o l u t i o n ,  c o n ta in in g  a la r g e  q u a n t i t y  o f  e a r t h - l i k e  
m a t e r ia l  i n  su s p e n s io n  and resp o n d in g  t o  th e  foam t e s t .  
The tu b e s  were th en  p la c e d  i n  an e l e c t r i c a l  c e n t r i f u g e ,  
f o r  f i f t e e n  m in u te s .  Cn rem ova l,  th e  s o l i d  m a tter  was 
found  t o  be r e s t i n g  on th e  f o o t  o f  th e  t u b e s ,  w h i le  th e  
f l u i d  above was c l e a r ,  and e x h ib i t e d  a v e r y  s l i g h t  y e l l o w  
t i n g e .  The c l e a r  su p er n a ta n t  f l u i d  was t r a n s f e r r e d  by  
means/
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; means o f  a p i p e t t e  t o  f r e s h  tu b e s  and fo u r  drops o f  
anti-h u m an  serum, t i t r e  1 :2 0 ,0 0 0  were added t o  e a o h .  A 
: p o s i t i v e  r e a c t i o n  was g iv e n  i n  a l l  w i t h in  tw e n ty  m in u te s .
; P o r t io n s  o f  th e  e x t r a c t  t r e a t e d  w ith  a n t i - o x  seru m ,.
I  t i t r e  1 : 2 0 ,0 0 0 ,  y i e l d e d  a n e g a t iv e  r e s u l t .  The l a t t e r  
i t e s t  was a p p l ie d  b eca u se  o f  a l i k e l y  d e f e n c e ,  t h a t  th e  
I s t a i n s  had been  produced by cow 's  b lo o d  which had 
i s p la s h e d  on to  a c c u s e d 's  c l o t h i n g ,  w h i le  he was p r e s e n t  
: d u r in g  c a l v i n g .
m . .
FURTHER APPLICATIONS OF THE TEST.
The a p p l i c a t i o n  o f  th e  P r e c i p i t i n  T es t  t o  a  
s t a i n  fo u r te e n  and a h a l f  y e a r s  o l d .
A p o r t io n  o f  w o o l le n  u n d erv es t  o f  a s u i c i d e ,  
m easuring one in c h  sq u a r e ,  was e x c i s e d  and s te e p e d  in  
norm al s a l i n e  f o r  tw en ty  fo u r  h o u r s .  A p o s i t i v e  r e a c t i o n  
was o b ta in e d  on th e  a d d i t io n  o f  fo u r  drops o f  anti-hum an  
serum, w i t h in  tw en ty  m in u te s .  The e x t r a c t  was p o s i t i v e  
j t o  th e  foam t e s t .  The e s t im a te d  s t r e n g t h  o f  th e  d i l u t i o n  
I u se d  was 1 : 1 , 0 0 0  .
j T h is  experim ent was undertaken  on accou n t o f
; th e  r e s u l t s  o f  Hansemanngg who o b ta in e d  th e  p r e c i p i t i n  
j r e a c t io n  w i t h  mummy m a te r ia l  4 ,0 0 0  y e a r s  o l d .  Meyer 
I was s u c c e s s f u l  w ith  mummy m a t e r i a l  5 , 0 0 0  y e a r s  o l d .
I F r ie d e n t h a l ,  how ever, f a i l e d  w ith  a mummy 500 y e a r s  o ld .
I
iB ion d i^ n  o b ta in e d  r e a c t i o n s  w i t h  human b lo o d  s t a i n s
I  3 1
; whioh had d r ie d  1 0 - 1 5  y e a r s ,  but n o t w ith  th o se  d r ie d  20 
i y e a r s .
I I t  would appear t h a t  d r ie d  b lood  may remain
I f o r  v e r y  long p e r io d s  w ith o u t  a f f e c t i n g  th e  a c t i o n  o f  
th e  p r e c i p i t i n  t e s t .  B lood  serum i s  a p p a r e n t ly  a v e r y  
s t a b l e  body so f a r  a s  th e  e f f e c t s  o f  age a r e  con cern ed .
Beumer^2 a p p l ie d  th e  p r e c i p i t i n  t e s t  f o r  
th e  m e d ic o - le g a l  exam ination  o f  b o n e s ,  s t a t i n g  t h a t  
p ro v id ed  th e  bones had not been  r o a s te d  or  i n c i n e r a t e d ,I
j th e  t e s t  was o f  v a lu e  in  d eterm in in g  th e  so u rce  o f  th e  
j b o n e .
w
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The a p p l i c a t i o n  o f  th e  P r e o j p l t i n  T es t  t o  d e t e c t  
th e  o r i g i n  o f  b o n e .
A square c e n t im e tr e  o f  human s k u l l  bone about a 
y e a r  o ld , h a v in g  upon i t  a few spexjks o f  m a t e r ia l  resemb­
l i n g  b lo o d ,  was t r e a t e d  w i th  4  o . o . s  o f  *85^ s a l i n e  f o r  
tw e n ty  fo u r  h o u r s .  The e s t im a te d  d i l u t i o n  was about  
1 : 2 0 ,0 0 0 .  The foam t e s t  was p o s i t i v e .  A p o s i t i v e  
r e a c t i o n  t o  an ti-h u m an  serum was o b ta in e d  w i t h in  20  
m in u te s .  A n e g a t iv e  r e s u l t  was y i e l d e d  when a n t i - p i g  
serum was u s e d .  (V ide p h otograph s No. 14 and 1 5 ) .
THE VALUE OF THE TEST WITH BLOOD MIXTURES.
K u tta l l^ ^  in  h i s .  most i n t e r e s t i n g  work  
r a i s e s  a p o in t  o f  g r e a t  m e d ic o - le g a l  i n t e r e s t .  He 
c a r r ie d  out t e s t s  w ith  a v iew  to  d e term in in g  w hether or  
: n o t  a m ixtu re  o f  s e v e r a l  d i f f e r e n t  k in d s  o f  b lo o d s  in  
j s o l u t i o n  would p r e v e n t  a r e a c t i o n  t a k in g  p la c e  upon th e  
i a d d i t i o n  o f  an a n t i  serum w hich  was e f f e c t i v e  when added  
I t o  one o f  t h e s e  b lo o d s  a lo n e  i n  s o l u t i o n .  He found t h a t  
 ^ when two t o  s i x  d i f f e r e n t  b lo o d s  were brought t o g e t h e r  
i in t o  s o l u t i o n ,  so  t h a t  each  b lood  i n  th e  m ix tu re  was 
i d i l u t e d  t o  about 1:500  or  l : 6o o ,  th e  p r e se n c e  o f  o th e r  
j b lo o d s  d id  n o t  impede a r e a c t i o n  t a k in g  p la c e  betw een an 
I a n t i  serum and i t s  homologous b lo o d  i n  th e  m ix tu r e .  The 
I a n t i s e r a  o n ly  a c t e d ,  how ever, when a s u i t a b l e  b lo o d  was 
I  p r e s e n t  in  such  a m ix tu r e .
Ziemke^^ r e p e a te d  N u t t a l I ' s  experim ent and 
i confirm ed  h i s  f i n d i n g s .
U hlenhuth  t e s t e d  an unknown d r ie d  b le e d  
I m ixture  s u p p l ie d  t o  him by Beumer and by th e  u se  o f  th e  
j p r e c i p i t i n  t e s t  d iag n o sed  t h a t  i t  was composed o f  p ig  
and sheep  b lo o d .  Beumer t h e r e a f t e r  s t a t e d  t h a t  h i s  
d ia g n o s i s  was c o r r e c t ,  he knowing th e  co m p o s it io n  o f  th e  
s t a i n  w hich  he had s u p p l ie d  t o  U hlenhuth f o r  exam ination .  
Having regard  t o  th e  m e d ic o - le g a l  im portance o f  t h i s  
j f i n d i n g ,  th e  w r i t e r  conducted  exp er im en ts  w ith  th e  
i u n d e m o te d  r e s u l t s  : -  
I Tube/
4 0 .
1 .
C ontained  e q u a l  m ix tu r e s  o f  i  o . o .  o f  1:100  
d i l u t i o n  o f  human b lo o d  and p i g ' s  b lo o d .  2 drops o f  
a n t i - p i g  serum, t i t r e  1 :2 ,0 0 0  vfere added . A p o s i t i v e  
r e a c t i o n  was o b ta in e d  w i t h in  20  m in u te s .
Tube 2 .
As above but 2 drops anti.-human serum, t i t r e  
1 :2  ,000 a d d e d . P o s i t i v e  r e s u l t  w i t h in  20 m inutes  .
Tube 3 .
As above but 2 drops a n t i - o x  serum, t i t r e  
; 1 :2 ,0 0 0  added . N e g a t iv e  r e s u l t  a f t e r  24 h o u r s .
■ Tube 4 .
•§■ 0 . 0 . p i g ' s  b lo o d  d i l u t i o n  1 :1 0 0  a l o n e .  2 
: drops a n t i - p i g  serum, t i t r e  1 : 2 c , 000 ad d ed . A p o s i t i v e  
I  and more in t e n s e  r e a c t i o n  o b ta in e d  th a n  i n  tube 1 w i t h in  
i 20  m in u t e s .
! Tube 5 .
As above o n ly  2 drops anti-hum an serum added ,
! t i t r e  1 : 2 0 ,0 0 0 .  R e su lt  n e g a t iv e  a f t e r  24 h o u r s .
I Tube 6 .
^ c . c .  human b lo o d  d i l u t i o n  1 : 1 0 0 . 2 drops
I  a n t i - p i g serum , t i t r e  1 :2 0 ,0 0 0  added . N e g a t iv e  r e s u l t
i
j a f t e r  24  hours .
I  Tube 7 .
AS above o n ly  2 drops o f  anti-hum an serum 
I  t i t r e  1 :2 0 , 0 0 0  ad d ed . A p o s i t i v e  and more in t e n s e
i
! r e a c t i o n  o b ta in e d  th an  in  tube  2 . 
i  (V ide photograph No. l 6 ) .
I I t  can be a s s e r t e d  d e f i n i t e l y  t h a t  when d e a l in g
I  w it h  m ix tu res  o f  b lo o d s ,  and on a p p ly in g  th e  a n t iseru m  to  
any r e l a t e d  b lood  serum p r e s e n t  i n  th e  m ix tu r e ,  a  
p o s i t i v e  r e a c t io n  w i l l  be o b ta in e d .  In  such  a c a se  th e  
e x t e n t  o f  th e  r e a c t io n  w i l l  n ot be a s  g r e a t  a s  when th e  
a n t iseru m  i s  a p p l ie d  t o  a r e l a t e d  b lo o d  serum a l o n e .
n v . /
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Ta INVESTIGATE THP. AMr.imm Qp
BLOOD STAIN HBOESSARY BEFORE TBÈ TE3 T HAN
BE a p p l ie d  s a t is f a c t o r il y .
E xp erim en ts  were conducted  t o  dem onstrate th e  
; f a o t  t h a t  o n ly  a v e r y  sm all q u a n t i t y  o f  b lood  serum Is  
[ r e q u ir e d  t o  c a r r y  out th e  p r e c i p i t i n  t e s t  s u c c e s s f u l l y .  
^ F req u en tly  j u r i s t s  f a i l  t o  a p p ly  th e  t e s t  because  th e y
a r e  o f  th e  o p in io n  t h a t  th e  amount o f  s t a i n  a v a i l a b l e  i s  
i n s u f f i c i e n t  f o r  th e  p u r p o se .  Human b lood  d r ie d  upon 
f i l t e r  paper f o r  f i f t e e n  weeks was u s e d .  An area  th e  
iS i z e  o f  a s ix p e n c e  was e x c i s e d  to  r e p r e s e n t  one drop o f  
jb lo o d .  The s t a i n  was h a lv e d ,  q u a r te r e d ,  cut in to  
®^ghths, th e n  in t o  s i x t e e n t h s ,  and f i n a l l y  t h i r t y — 
i s e c o n d t h s .
; The d i l u t i o n s  were o b ta in ed  a s  f o l l o w s ; -
|1 . i  a r e a  i n  6 o . o . s  s a l i n e  = 1:200  d i l u t i o n .
2 .  i  " ” 3 o . o . s  " = 1:200
13 . ¥ " " l i  o . o . s  " = 1:200
|4 . ^  " " i  c . c .  " -  1:200  "
^  " f  0 . 0 .  " = 1:200
i ^
I The s t a i n s  were s te e p e d  in  *85^ s a l i n e  f o r  24
h o u r s . .
Q haraoters o f  S o l u t i o n .
|1 . P e r s i s t e n t  foam -  v e r y  p a le  brown c o lo u r .
i
g  <» • !  ♦,  I f  I t  I f
3 ^ I f  I f  I f  I f  I f  I f
i
If  "  _  "  "  I f  I I
I
J— I f  I f  If  I f  I f  I fp .
j Next d i l u t i o n s  o f  1 :2 0 ,0 0 0  were made from th e
I
|di l u t i  ons o f  1 :2 0 0  .
The c a p i l l a r y  tube method was used  in  t e s t i n g  
t h e  d i l u t i o n s  o f  1 : 2 0 ,0 0 0 .
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Durham, tu b e s  u se d . C a p i l la r y  tu b e s  
u s e d .
Amount o f  
D i l u t i o n  u se d
1 :200 D i l u t i o n ' 1 :20  ,000 D i l u t i o n .
1 0 . 0 . 1 3 drops anti-hum an  
serum t i t r e  
1 :20 ,CCCt.
6  c . c . 2 3 drops anti-hum an  
serum t i t r e  
1 :20  , 0 0 0 .
i  0 . 0 . 3 l i  drops a n t i ­
human seru m , 
t i t r e  1 : 2 0 ,0 0 0  .
o . c . 4 1 drop anti-hum an  
serum, t i t r e  
1 :20  ,000  .
i  0 . 0 . 5 1 drop anti-hum an  
serum, t i t r e  
1 :2 0 ,0 0 0 .
A l l  gave p o s i t i v e  r e s u l t s  w i t h in  20 m in u tes ,  
l i t  must be a d m itted  t h a t  th e  c a r r y in g  out o f  t h e s e  t e s t s  
t o o k  p la c e  under v e r y  fa v o u r a b le  c o n d i t io n s .  In c e r t a in  
m e d ic o - l e g a l  o a s e s ,  when th e  s o l u t i o n  o f  th e  s t a i n  i s  
v e r y  d i r t y  and a s  th e  r e s u l t  o f  c e n t r i f u g in g  a cop ious  
[d e p o s i t  i s  o b ta in e d ,  d i f f i c u l t y  might be encountered  when 
d e a l in g  w ith  v e r y  sm all  am ounts. In  such a c a se  the  
c a p i l l a r y  tu b e  method, which r e q u ir e s  o n ly  one drop o f  
■ f lu id ,  would be s u i t a b l e .
I t  appears  t h e r e f o r e ,  so lo n g  a s  b lood serum i s  
I p r e s e n t  i n  a s t a i n ,  i r r e s p e c t i v e  o f  i t s  amount, th a t  w ith  
p rop er  te c h n iq u e  th e  p r e c i p i t i n  t e s t  may be a p p l ie d  
s u c c e s s f u l l y .
THE SPECIFICITY OF THE TEST.
.Se f a r  a s  a l l  th e  p r e v io u s  experim ents  are  
concerned  no doubt has been r a i s e d  reg a rd in g  th e  
s p e c i f i c i t y  o f  th e  t e s t .  The names o f  many a u t h o r i t i e s  
[have a lr e a d y  been  o l t e d  who have e x p ressed  t h e i r  fa v o u r
l o f /
, 4 3 . .
o f  t h e  t e s t  and have lauded I t s  s p e o l f i o  a o t l o n .  The 
l i t e r a t u r e  on th e  s u b j e c t  p u b l ish e d  in  th e  y e a r  1 9 0 2 , 
how ever , i n d i c a t e s  t h a t  o th e r  o b se r v e r s  d id  n o t h o ld  th e  
same v i e w .  These were s tr u b e ^ ^ , K i s t e r  and iVolff^^, 
L in o s s ie r ^ y  and okamoto^g. The f i r s t  mentioned found th a t  
an ti-h u m an  serum produced a s l i g h t  r e a c t io n  w ith  ox ,  
sh eep  and p i g  b lo o d s ;  K i s t e r  and W olff  t h a t  human blood  
i s  more s t r o n g ly  a c t e d  upon by a n t i - h o r s e  and a n t i - o x  
s e r a  th a n  by a n t i - s h e e p  or a n t i - p i g  s e r a .  S e v e r a l  
a u t h o r i t i e s  have a t t r i b u t e d  th e  l a t t e r  f in d in g s  to  
e x p e r im e n ta l  e r r o r .  L i n o s s i e r  found t h a t  anti-hum an  
serum p r e c i p i t a t e d  th e  s e r a  o f  o x , h o r s e ,  d og , sh e ep ,  
g u in e a  p i g  and f o w l ,  w ith  th e  q u a l i f i c a t i o n  t h a t  th e  
r e a c t i o n  was incom parably  g r e a t e r  w ith  human b lo o d .
Okamoto found t h a t  a l l  animal b lo o d s  gave n e g a t iv e  r e s u l t s  
when anti-hum an serum was added, but th a t  one s e v e n th  o f  
th e  human b lo o d  s t a i n s  t h a t  were t e s t e d  by him, gave  
n e g a t iv e  r e s u l t s  on th e  a d d i t io n  o f  anti-hum an serum.
The w r i t e r ' s  f in d i n g s  b ased  upon th e  f o r e g o in g  t e s t s  
p roved  t o  him t h a t  th e  p r e c i p i t i n  t e s t ,  a s  a p p l ie d  to  
v a r io u s  b lo o d s ,  was r i g i d l y  s p e c i f i c  i n  i t s  a c t i o n .
E xperim ents were conducted w ith  a n t i - h o r s e  
serum t o  determ ine w hether i t  was r i g i d l y  s p e c i f i c ,  a s  i t  
had been  n o ted  by th e  w r i t e r  t h a t  p r e v io u s  r e se a r c h  work­
e r s  had reco rd ed  some d i s q u i e t i n g  r e s u l t s  in  t h i s  regard  
and he had i n c i d e n t a l l y  n o t ic e d  a s u s p ic io n  o f  t h e s e ,  
w h i le  p u r su in g  o th e r  e x p er im en ts .  In  May 1901 N u t ta l l^ g  
p u b l is h e d  r e s u l t s ,  h av in g  t e s t e d  24 b lo o d s  w ith  a n t i -  
h o r s e  seru m , when he found th a t  o n ly  h o rse  serum r e a c te d  
t o  i t s  a n t i  serum . Uhlenhuth^Q p u b l ish e d  th e  r e s u l t s  o f  
h a v in g  t e s t e d  24 b lo o d s  w ith  a n t i —h o rse  serum i n  J u ly  o f  
th e  same y e a r ,  when he found t h a t  no o th e r  b lood s  o u ts id e  
t h o s e  o f  th e  h orse  and donkey r e a c t e d .  In an a r t i c l e  by 
K i s t e r  and iV olff4 i  p u b l ish e d  i n  1902, i t  i s  s t a t e d  t h a t  
t e s t s  on f i v e  b lood s  w ith  a n t i - h o r s e  serum su r p r ise d  
them . They t e s t e d  th e  b lood  o f  th e  h o r s e ,  p i g ,  ox , sh eep ,  
and man. A l l  b lo o d s  c louded  on th e  a d d i t io n  o f  a n t i -
h o r s e /
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h o r s e  serum . S tr o n g  d i l u t i o n s  were u s e d .
I t  sh o u ld  be c l e a r l y  u n d erstood  t h a t  th e  a n t i -  
h o r se  serum u sed  i n  th e  f o l l o w i n g  exp erim en ts  was in  
e x c e l l e n t  c o n d i t i o n ,  b e in g  c l e a r  and f r e s h ,  h a v in g  been  
d e l i v e r e d  a f t e r  ca re fu l  p r e p a r a t io n .
A l l  s t a i n s  u sed  were a t  l e a s t  th r e e  months o ld ,  
and w e r e • composed o f  human b lo o d  i n  th e  f i r s t  two groups  
o f  t e s t s .  An a rea  o f  s t a i n  th e  s i z e  o f  a s ix p e n c e  was 
u s e d .  I t  was s te e p e d  i n  6 o . o .  normal s a l i n e .  A l l  
s t a i n s  were s t e e p e d  f o r  24 h o u r s .
Group A .
R eacti on 
w ith  
L itm u s .
Treated  
w ith  2 
drops ant i- 
h crse  
serum .
Control 
o f  
s a l i n e  
and 2 
drops  
a n t i  -  
h o rse  • 
serum.
1 . D u l l  red  w o o l le n  
m ateri a l .
S i . a c i d . Di s t i  n e t  
haze .
2 . L ig h t  b lu e  w o o l le n  
m a t e r i a l .
S i . a c i d . Dense haze A l l
were
: 3 . B r ig h t  red  w o o l le n  
m a t e r i a l .
S i .  a c i d . P a in t  haze p e r -  
■ f e c t l y
! 4 . P in k  w o o l le n  mat­
e r i a l  .
S i .  a c i d . Dense h a z e , c l e a r .
: 5 - Green w o o l le n  
m ateri a l .
S i .  a c i d . Very f a i n t  
h a z e .
i  The d i l u t i o n s  were ap p ro x im a te ly  1 :1 0 0 .  è  o .o
;of each  was u s e d .
A l l  h a zes  d eve lop ed  w i t h in  tw en ty  m in u tes .
loroup B . White c o t to n  -  human b lo o d ,  s e v e r a l  weeks o l d .
45.
Dry  
H e a t .
R eacti on 
w ith  
Li tmus
T reated  
w ith  2 
drops  
a n t i  -  
h o r se  
serum.
A pproxi-  
mate d i l u ­
t i  on.
C ontro l o f  
s a l i n e  and 2 
drops a n t i ­
horse  
serum.
1
100 ° c .
Exposed  
1 h o u r .
N e u t r a l . C l e a r . 1 : lOC .
A l l
p e r f e c t l y
c l e a r .
2 Exposed  
2 h ours .
A b so l­
u t e l y  
c l e a r .
1 : loo .
3 Exposed  
3 h o u r s .
1 : 1 0 0 .
•§•0 . 0 . of* .eaoh d i l u t i o n  was u se d .
Group 0 .
( 1) 2 drops o f  a n t i - h o r s e  serum when added to  i  o . o .  
o f  a d i l u t i o n  o f  1:100  f o e t a l  b lo o d  fo u r  months old , did  
n o t  produce any haze w i t h in  2o m in u tes .
( 2 ) 2  drops o f  a n t i - h o r s e  serum when added to  i  o . o .
o f  a d i l u t i o n  o f  1:100  m aternal b lood  fo u r  months o ld ,  
d id  n o t  produce any haze w ith in  20 m in u tes .
( 3 ) 2  drops o f  a n t i - h o r s e  serum were added to  i  o . o .  o f
a d i l u t i o n  o f  1 : 1 0 0  ox b lood  f i v e  months o ld ,  and pro­
duced a  v e r y  d ec id ed  haze w i t h in  20 m in u tes .
( 4 ) 2  drops a n t i - h o r s e  serum were added to  i  o . o .  o f  a 
d i l u t i o n  o f  1 :1 0 0  p i g ' s  b lo o d  f i v e  months o ld  and pro­
duced a v e r y  f a i n t  haze w i t h in  20 m in u te s .
( 5 ) 2 drops o f  a n t i - h o r s e  serum were added to  i  o . o .
d i l u t i o n  o f  1: IOC o f  s h e e p 's  b lood  f i v e  months o ld  and 
p roduced  a v e r y  d i s t i n c t  haze w ith in  20  m in u tes .
( é )  2  drops o f  a n t i -h o r se  serum were added to  i  o . o .
d i l u t i o n  o f  1:100  o f  human blood f i v e  months o ld  which  
had been  made a o ld  In r e a c t io n  w ith  3 drops ^  H23O4 , 
and produced a d i s t i n c t  o loud w i t h in  20 m in u te s .
N o s .  2 and 3 in  Group a -  and No. 3  m  Group 0 .  when 
v iew ed  a f t e r  24 hours showed th e  p resen ce  o f  a s l i g h t
f l o c o u l e n t  d e p o s i t ,  
o b s e r v a t i  ons . /
46.'
C h serv a tj  o n s . D i l u t i o n s  of* human b lo o d  serum when a o id  
i n  r e a c t i o n  e x h ib i t e d  t u r b i d i t y  a f t e r  th e  a d d i t io n  o f  
a n t i - h o r s e  serum . D i l u t i o n s  o f  human b lood  serum, n e u t r a l  
i n  r e a c t i o n  w hich had been e x t r a c te d  from s t a i n s  which  
had been  exp osed  to  dry h e a t  o f  ICO^ ^O. f o r  from one to  
t h r e e  h ours d id  n ot y i e l d  a t u r b i d i t y  on th e  a d d i t io n  o f  
a n t i - h o r s e  serum. N e u tr a l  d i l u t i o n s  o f  ox , p ig  and 
sh eep  b lo o d  became tu r b id  on th e  a d d i t io n  o f  a n t i - h o r s e  
serum .
The ex p er im en ts  i n  Groups A. , B . , and C. were 
r e p e a te d  u s in g  c l e a r  a n t i - p i g  serum.
The t e s t s  embodied i n  Group A . y i e ld e d  dense  
t u r b i d i t i e s  i n  th e  p r e se n c e  o f  an a o id  r e a c t i o n .  These 
can be a cco u n ted  f o r  by th e  f a c t  t h a t  th e  s t a i n s  were  
s t e e p e d  lo n g e r  in  s a l i n e  , and a s  a r e s u l t  more dye was 
e x t r a c t e d ,  prod u cin g  a more in te n s e  a c id  r e a c t io n .
Group B . N e g a t iv e  r e s u l t s  were y i e l d e d .
Group 0 . The r e s u l t s  were n e g a t iv e  w ith  th e  
e x c e p t io n  o f  t e s t  4 ,  w hich y i e ld e d  a markedly p o s i t i v e  
r e a c t i o n  w i t h in  20 m in u te s .
m .
THE EFFECT CF THE NATURE OP THE REACTION OF 
BLOOD DILUTIONS UPON THE TEST.
Experim ents were n e x t  made t o  determ ine th e  
e f f e c t  o f  th e  r e a c t i o n  o f  th e  f l u i d  under exam ination , on 
I  t h e  r e s u l t s  o f  th e  t e s t .  The l i t e r a t u r e  on th e  s u b je c t  
; r e v e a l s  c o n f l i c t i n g  v ie w s .  A s o lu t i o n  o f  normal b lood Is 
i a l k a l i n e ,  but I t  was found by th e  w r i t e r  t h a t  on t e s t i n g  
: d i l u t i o n s  o f  1 : 1C0 up t o  2 0 ,0 0 0 , l itm us paper d id  not  
r e v e a l  t h i s ,  p ro b a b ly  because o f  th e  h ig h  degree o f  the  
: d i l u t i o n  o f  th e  b lo o d .  The u se  o f  an I n d ic a to r  was n ot  
: fou nd  n e c e s s a r y ,  a s  when litm u s  paper f a i l e d  to  r e v e a l  
th e  p r e s e n c e  o f  an a o ld  or a l k a l i n e  r e a c t io n ,  th e  t e s t  
Iwas n o t  a f f e c t e d .  T c h ls to v ltc h ^ g  found th a t  p r e c l p l t a -  
[ t l o n  o n ly  occu rred  when th e  r e a c t io n  was a l k a l i n e ,  I f  
! n e u t r a l ,  a  s l i g h t  o p a le sc e n c e  was o b se r v a b le ,  and t h a t  
^no r e a c t i o n  to o k  p la c e  when th e  d i l u t i o n  was a o ld .  
L i n o s s i e r /
47 .
L i n o s s i e r  and Lemcine^^ found t h a t  su lp h u r ic  a o id  
l e s s e n e d  th e  r e a c t i o n ,  i t  b e in g  e n t i r e l y  p reven ted
by a c i d  4 " 9 : 1 ,0 0 0 , t h a t  sodium carbonate  g r e a te r  than
•6 6 : 1 , 0 0 0  checked th e  r e a c t i o n  p r o p o r t io n a t e ly  w ith  th e
s t r e n g t h  o f  th e  a l k a l i n i t y .  R ostosk i^ ^  s t a t e s  th a t
p r e c i p i t a t i o n  i s  impeded by an a l k a l i n e ,  and a id ed  by
an a o id  r e a c t i o n .  Di M a t te l .^  s t a t e s  th a t  th e  p resen ce
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o f  H2SO4  i n t e r f e r e s  w ith  th e  r e a c t i o n .  Graham Smith and 
Sanger^^, s t a t e  t h a t  th e  p r e c i p i t i n  r e a c t io n  i s  in h ib i t e d  
by th e  p r e se n c e  c f  a c id s  and a l k a l i s .  V incent^y  s t a t e s  
t h a t  t h e  r e a c t i o n  i s  a f f e c t e d  by a c e t i c ,  c i t r i c ,  l a c t i c ,  
o x a l i c  and t a r t a r i c  a c id s  i f  p r e s e n t  5 p a r t s  in  1 ,0 0 0 , 
and by th e  f o l lo v d n g  a l k a l i s : -  ammonia, c a u s t i c  p o ta sh ,
and c a u s t i  o s o d a .
The N ature o f  th e  Experim ents conducted .
The human b lo o d  s t a i n s  used  were s i x  weeks o ld .  
Many d i f f e r e n t  sam ples o f  c lo t h  f a b r ic s  were s e l e c t e d  
and t h e r e a f t e r  th e  b lo o d  was imposed upon them.
The f o l lo w in g  I n v e s t i g a t i o n s  were made in  each
i n s t a n o e : -
(1 )  The n ature  and c o lo u r  o f  th e  f a b r i c .
( 2 ) ^he appearance o f  th e  s t a i n ,  h av in g  regard to  i t s  
a g e ,  th e  ty p e  o f  f a b r i c  on which i t  was s i t u a t e d ,
and th e  c o lo u r  o f  th e  m a t e r i a l .
(3 )  The c o lo u r  o f  th e  d i l u t i o n  o f  th e  s t a i n  ob ta in ed
w it h  normal s a l i n e .
( 4 ) Whether th e  dye o f  th e  m a te r ia l  on whloh th e  s t a i n  
was Imposed p a sse d  In to  s o lu t i o n  a lo n g  w ith  th e  
b lo o d  serum.
( 5 ) i n  th e  l a t t e r  e v e n t ,  w hether th e  r e a c t io n  o f  th e  
s o l u t i o n  was n e u t r a l ,  a o ld  or a l k a l i n e .
( 6 ) I f  a o ld  or a l k a l i n e ,  w hether th e  t e s t  was a f f e c t e d ,
and i f  s o ,  t o  what e x t e n t .
The r e s u l t s  o f  th e  exp erim en ts  r e a d i l y  perm it
o f  t a b u l a t i o n  as  f o l l o w s : -
GROm? I -
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N ature  
and  
c o lo u r  
o f  
fa b r i  o.
Appear­
ance o f  
s t a i  n .
Colour  
o f  s o l -  
u t i  on.
Re- 
a o t i  on.
Strægbh
o f
di l u ­
t i  o n .
Foam
te s t .
P reo i -  
pi t i n  
r e a o -  
t i  on.
1 Iii gh t  
b lu e  
w o o l le n  
f a b r i  o.
B laok — 
i sh  
m atted  
s t a i n .
Y e llo w -  
i sh  
brow n.
Very
s l i g h t ­
l y
a c i d .
1:100 
approx­
im a te ­
l y .
+  + f  -H
2 Li ght  
g re e n  
w ool len  
f a b r i  c .
Bl a ck — 
1 sh  
co lo u r­
ed mat­
t e d  
s t a i n .
Green-  
i sh  
brow n.
4- + +  -k
3 Carmi ne 
woo l i e n  
f a b r i  o .
D u l l -  
red  
m atted  
s t a i n .
Pi n k . s l i g h t ­
l y
a c i d .
4- 4- 4-
4 P in k  
w o o l le n  
f a b r i  c .
Dark  
brown 
m atted  
s t a i  n .
Pi nk— 
i s h  
brown.
Moder­
a t e l y  
a o i d ,
If
f t
5 Red 
woo l i e n  
fa b r i  c .
B la ck -  : 
i sh  
m atted  
s t a i n .
b righ t
p in k .
Moder­
a t e l y  
a c i d .
1» f t 4+4-
I ,  S t r e n g th  o f  P r e c i p i t i n  R e a c t io n .
P .P .T .  R e a c t io n . 
) 1 .  V. d i s t i n c t  - f - f1 .)
) A d d  
2 .)
) r e a c t i o n
3 .)
) due t o  th e
4 . )
) d y e .
5 .)
)
) 2 . "
) 3 .  "
)
) 4 .  Dense
j  5 .
+  +  
4- 4“ 
+  4-4- 
4- +  +
I t  sh o u ld  be noted  t h a t  In s o lu t i o n s  4  and 5 
! where th e  a o l d l t y  was g r e a t e r ,  th e  r e a c t io n  was I n t e n s i ­
f i e d .  The s tr e n g t h  o f  d i l u t i o n  In  each case  was made 
I  a s  u n iform  a s  c ircu m sta n ces  would p e r m it .  An a rea  
 ^ r e p r e s e n t in g  th e  c ircu m feren ce  o f  a s ix p e n c e  was 
I e x c i s e d  from each s t a i n  t o  r e p r e se n t  one drop o f  b lo o d .  
U a c h  was soaked In 6 c . c .  s a l i n e  f o r  24 h o u rs .  A n t l -  
i human serum was u s e d .  For th e  n ex t  experim ent  
s o l u t i o n s  s im i l a r  t o  th o se  In  Group I  were n e u t r a l i s e d  
I w i t h  a  weak s o l u t i o n  o f  ammonium h y d r a te ,  th e  p r o c e s s  o f  
i n e u tr a  l i  s a t  i on/
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1 . ) D i s t i n c t 4"
2 . ) D i s t l n o t +
3 .  ) D l s t l n o t +
4 .  ) D i s t i n c t 4 -
5 .  ) Dl s t l  not 4 -
n e u t r a l i s a t i o n  b e in g  t e s t e d  w ith  l i tm u s  paper i n  a v e r y  
o a r e f u l  m anner.
P r e o l p l t l n  Reaotl o n .
1 . ') S o l u t i o n s  a s
)
2 . ) above but
)
3 . ) n e u t r a l i s e d  
4  . ) wi t h  weak
3 . ) ammonium h y d ra te  .
I t  w i l l  be seen  t h a t  when th e  s o lu t i o n s  were 
n e u t r a l i s e d ,  a l l  gave a p o s i t i v e  p r e o l p l t l n  r e a c t i o n ,  on 
th e  a d d i t i o n  o f  bntl^human serum, but l e s s  marked than  
when th e  s o l u t i o n  was a o l d .  In  d e a l in g  w ith  s o lu t i o n s  
o f  b lo o d  s t a i n s  on c l o t h i n g .  I t  w i l l  be found ex p ed ien t  
t o  o e n t r i f u g a l l s e  them , l e s t  h a ir s  or p o r t io n s  o f  d e b r is  
be p r e s e n t ,  th u s  a f f e c t i n g  t h e i r  c l a r i t y .  I t  I s  
n e c e s s a r y  t o  shake th e  t u b e ,  a f t e r  n e u t r a l i s i n g  the  
c o n t e n t s ,  l e s t  some o f  th e  a l k a l i  used  has adhered to  
th e  tu b e  w a l l  and l a t e r  a s  th e  r e s u l t  o f  p a s s in g  down 
I n to  th e  f l u i d  under t e s t ,  th e  s o lu t i o n  I s  rendered  
a l k a l i n e  I n s te a d  o f  n e u tr a l  i n  r e a c t i o n .
Group, I I I  . S t a in s  same age as in  G-roup %. 
Ænti-hUman serum u se d .
N ature  
and  
c o lo u r  
o f  
f a b r i  c.
Appear­
ance o f  
s t a i n .
Colour  
o f  s o l ­
u t io n .
Reac­
t s  o n .
Strength  
o f  d l i u -  
t l  on.
poam
test .
P re­
o l p l ­
t l n  
r e a o ­
t l  on.
1 P u rp le  
l i n e n .
B la c k is h  
I n d e f i  n -  
i t e  
s t a l  n 
b e s t  
s e e n  in  
a r t l f l  -  
c l a l  
l i g h t .
Brown­
i s h
r ed .
N e u t r . 1:100 -h + +
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C o n t in u a t io n  of* T a b le .
N ature
and
c o lo u r
o f
f a b r ic .
Appear­
ance  o f  
s t a i n .
C olour  
o f  
s o l u -  
t i  o n .
R eac-  
t i  on .
Strength  
o f  
d i l u -  
t i  on.
?bam
best.
P reci -  
p i t i n  
r e a c -  
t i  on.
2 Navy 
b lu e  
w o o l l ­
en mat­
e r i a l  .
D u l l  
f a i n t  
brown 
m atted  
s t a i n .
P a le  
brow n.
S I . 
ao i d .
1:100 +• +
3 P u rp le  
f e l t .
Brown 
m atted  
s t a i n .
Red­
d i s h  
brow n.
S i . 
a c i d .
+- +
1
+
4 G-reen
c o tto n .
B la c k -  
i sh  
g r e y  
matted.
Green­
i s h
y e l lo w .
Neut 
r a l .
+  + 4-  -
5 Ni g ger  
brown 
buck­
ram .
Red- 
di sh  
brown 
m atted  
g l o s s y  
s t a i n .
Brown- 
i sh  
r e d .
If +  + 4-
6 M u lt l -  
00 1-  
oured  
p a t t e r ­
ned
cotton .
Mi I k 
choco­
l a t e  
CO lour.
P a le
brown.
II 4* + +
7 L ig h t
b lu e
s a te e n
Grey-  
brown 
s i  . 
sh i ny.
Straw. +  + 4-
8 M u lt i -
c o l ­
oured
c o t to n
Brown. P a le
brown.
+ +■ 4"
9 P in k
s a t e e r
Red- 
i. d is h  
brown.
P a le
brown.
+  +• 4"
V; Tur­
q u o ise  
b lu e  
v e l v e t
Li ght 
brown 
s ta in .
p a le  
brown.
4- -K 4-
1 Laven­
d er  
n e t  
c l  o th
- Brovm 
mattec
Tea 
c o l ­
our .
-h + -I-
1 2
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0 ont j m a t  io n  o f  T a b le .
N ature  
and  
c o lo u r  
o f  
f a b r i  c .
Appear­
ance o f  
s t a i n .
C olour  
o f  
s c l u -  
t i  o n .
Reac— 
t i  on .
Strength  
o f  d i l -  
u t i o n .
Bbam
test .
Preo i-  
p i t i n  
r e a c -  
t i  on.
12 P a le
b lu e
l i n e n .
Dark  
brown 
w it h  
l i g h t  
a r e a  -  
s u g g e s ­
t i v e  of  
serum .
Li ght  
brown.
N eut­
r a l  .
1 : loo +
13 Deep
b lu e
v e l v e t .
Hard 
r o u g h , 
brown 
s t a i n .
P ort  
w i n e .
«1 +
14 Ill gh t  
brown 
v e l v e ­
t e e n  .
M atted  
hard -  
dul 1 
brow n.
Cinna­
mon.
■+
15 M u lt i -  
b r ig h t  
c o l ­
oured  
p r i n t .
Brown. Red- 
di sh  
brown
t  + >
l 6 Shot  
p in k i  sh  
y e l lo w  
s i  I k .
Brown­
i s h
p in k .
V. Pt  
ye 1 lev I
I I f + +
17 B r ig h t  
m u lt i -  
col — 
cured  
p r i n t , 
l i g h t  
b lu e  
g ro u n d .
Green­
i s h  
b l u e .
Dark
brown
V . 91  
. a c i d .
II f f + f
S o l u t i o n s  numbered 2 , 3 .  8,nd 1?» were next  
n e u t r a l i s e d  w i th  weak ammonium h y d r a te .  As In  Group XL 
I t  was found  t h a t  a lth o u g h  th e  r e a c t i o n  was d e f i n i t e l y  
p o s i t i v e ,  i t  was n ot so marked a f t e r  n e u t r a l i s a t i o n  o f
th e  f l u i d .
Having regard  to  th e  in c r e a s e  in  th e  i n t e n s i t y  
o f  t h e  r e a c t i o n  when th e  a p p r o p r ia te  a n t i  serum was 
a p p l i e d  t o  an a o ld  s o l u t i o n ,  f u r t h e r  t e s t s  were c a r r ie d  
out t o  d eterm in e  more d e f i n i t e l y  th e  e f f e c t  o f  a c i d i t y  
o r  a l k a l i n i t y  on th e  p r e o l p l t l n  r e a c t i o n .  Human b lood
ap p r0x 1mat e 1y /
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a p p r o x im a te ly  e ig h t  weeks o l d ,  which had been d r ie d  
upon f i l t e r  pap er  was u t i l i s e d  f o r  th e  n e x t  s e r i e s  o f  
e x p e r im e n ts .  The r e s u l t s  y i e l d e d  were regarded as  
b e in g  i n t e r e s t i n g ,  in  t h a t  t h e y  d i f f e r  w ith  many 
p r e v l eus opi ni o n e .
3  drops o f  anti-hum an serum, t i t r e  1 : 2 0 ,0 0 0 , 
w ere added t o  each  o f  th e  t h r e e  u n d e m o te d  d i l u t i o n s .
Group i l l .
S t r e n g th  o f  D i l u t i o n . R e a c t ! o n . P r e c i p i t i n  R e a c t io n .
1 1 : 1 0 0 . Aoid  by 
a d d i t i o n  o f  
3  drops o f  
^  H2SO4 .
2  1 : 1 ,0 0 0 . + + +
3 1 :5 ,0 0 0 . + f  f
Human b lo o d  t r e a t e d  w ith  3 drops o f a n t i - o x  serum.
' S tr e n g th  o f  D i l u t i o n . R e a c t !o n .
P r e c i p i t i n  
R eacti on.
4  1 : 1 0 , 0 0 0 . Aoid by  
a d d !t i  on o f  
3 drops o f
V ° 4 -
+  + 4
5 1 :2 0 ,0 0 0 . +"+-*-
Group 1%. Human b lo o d  t r e a t e d  w ith  3 drops o f  a n t i ­
human serum.
S tr e n g th  o f  D i l u t i o n . R e a c t io n . P r e c ip i  t i  n R eacti on.
1 1:100  . A lk a l in e  by  
a d d i t io n  o f  3 
drops o f
ammonium 
h y d r a t e .
+  4-
2 1 : 1 , 0 0 0 . +  4
3  1 : 5 ,0 0 0 . 4" 4
n t i - o x  serum.Human b lo o d  t r e a t e d  w ith  3 drops o f  a
S tr e n g th  o f  D i l u t i o n . R e a c t io n .
P r e c i p i t i n  
R eacti on.
4  1 :10 ,000  .
A lk a l in e  by 
a d d i t io n  o f  3 
drops o f  
ammonium 
h y d r a t e .
C le a r .
5 1 :2 0 , 0 0 0 .
C le a r .
53.
Group : %. Humn b le e d  t r e a t e d  w ith  3 drops o f  anti-hum an  
serum .
S t r e n g t h  o f  
D i l u t i o n .
R eaoti on. P r e c i p i t i n
R e a c t io n .
1 1: ICC . N e u t r a l . 4
2 1 : 1,CCC. +
3 1 :5 ,0 0 0 . +
Huinan b lo o d  t r e a t e d  w i th  3  drops o f  a n t i - o x  serum.
S tr e n g th  o f  
D i l u t i  o n .
R eaoti o n . P r e c i p i t i n  Reaoti on .
4 1 :1C ,000 . N e u t r a l . C le a r .
5 1:2c  ,0 0 0 . C l e a r .
Cx b lo o d ,  7 weeks o l d ,  t r e a t e d  w ith  3 drops  
o f  a n t i - o x  serum, t i t r e  1 :2 0 ,0 0 0 .
Group V I .
S tr e n g th  o f  
D i l u t i  o n .
R ea ct io n . P r e c i p i t i n  R eaotion .
1 1 : IOC . N e u t r a l . t
2 1 : 1 ,0 0 0  .
I f +
3 1 : 5 , 0 0 0 .
tf +
4 1 : 1 0 ,0 0 0  .
I f +
5 1 :2 0 ,000  .
+
Group V I I . OX b lo o d ,  7 weeks o ld ,  t r e a t e d  w ith  3 
drops o f  a n t i - o x  serum.
5 4 .
S t r e n g th  o f  
Dl l u t i  o n .
R eaoti on . P r e c i p i t i n  
R eacti on .
1 1 : 100 . A cid  by. a d d i t io n  o f  
6 drops JL HoSOa. 
10
+ +
I
2 1 ; 1 ,0 0 0  . V C le a r .
3 1 : 5 ,0 0 0 . M C le a r .
4 1 : 1 0 ,0 0 0  . IT ' C le a r .
5 1 :2 0 ,0 0 0 .
__  —  _
C l e a r .
Group V I I I . ox b lo o d ,  7 weeks o l d ,  t r e a t e d  w ith  3 drops 
a n t i - o x  serum.
S tr e n g th  o f  
D i l u t i o n .
R ea o t io n . P rec i  p i t i n  
R e a c t io n .
1 1:100  . Made a l k a l i n e  w ith  
6 drops ^  ammonium 
h y d r a t e .10
C le a r .
2 1 : 1 ,0 0 0  . H C lea r .
3 1 :5 ,0 0 0  .
I f C le a r .
4 1 : 1 0 ,0 0 0 . C le a r .
5 1 : 20 ,000  . C le a r .
0b s e r\^at 1 ons . The t e s t s  in  Group XXI r e v e a le d  th e  f a o t  
t h a t  an a o id  r e a c t io n  i n t e n s i f i e d  th e  p r e c i p i t i n  r e a c t io n ,  
when a n t i  serum was added to  a r e l a t e d  b^ood. An 
a p p r e c ia b le  t u r b i d i t y  was produced i n  tu b e s  4  and 5 
when u n r e la te d  serum was added t o  t h e i r  c o n t e n t s .
In  Group IV th e  a l k a l i n i t y  o f  th e  di lu t io n s  
d e c r e a s e d  th e  I n t e n s i t y  o f  th e  r e a c t io n s  in  tu b e s  1-3  
and a  haze was n ot produced In tu b e s  4  and 5 when an  
u n r e la t e d  serum was added to  t h e i r  c o n t e n t s .
i n  Group Ï  th e  p o s i t i v e  r e a c t io n  i n  tu b e s  1-3  
was w e l l  marked, but not so d e f i n i t e  a s  in  tu b e s  1 -3 .
: Group XXX •
In /
, 5 5 .
In  tu b e s  4 - 5  a t u r b i d i t y  was n e t  produced on 
th e  a d d i t i o n  o f  an u n r e la te d  serum. In  t h i s  group th e  
r e a c t i o n  o f  a l l  s o l u t i o n s  was n e u t r a l .
In  Group VI w ith  n e u t r a l  s o lu t i o n s  p o s i t i v e  
r e a c t i o n s  were g iv e n  w i th  a r e l a t e d  a n t is e r u m .
In  Group VII when th e  s o l u t i o n s  were made 
s t r o n g l y  a c i d ,  a p o s i t i v e  r e a c t i o n  w ith  a r e l a t e d  a n t i ­
serum was o n ly  g iv e n  in  tu be  1 .
In  Group V III  when th e  s o l u t i o n s  were made 
s t r o n g l y  a l k a l i n e  no r e a c t i o n  was g iv e n  on th e  a d d i t io n  
o f  a r e l a t e d  a n t i  serum.
The a n t i - o x  serum which was used  in  t h e s e  
ex p e r im e n ts  was c l e a r  and was t e s t e d  in  th e  f o l lo w in g  
manner t o  f i n d  out th e  p a r t  p la y e d  by th e  a o id  or th e  
a l k a l i  and t h a t  p la y ed  by th e  b lood  serum i n  th e  a l t e r a ­
t i o n  o f  th e  p r e c i p i t i n  r e a c t io n  i n  t h e i r  p r e s e n c e .
(1 )  Normal s a l i n e  t o  w hich  IC drops o f  ^  and 10
drops o f  a n t i - o x  serum were added, remained  
p e r f e c t l y  c l e a r .
(2 )  Normal s a l i n e  t o  which 10 drops o f  ammonium hydrate  
and 10 drops o f  a n t i - o x  serum were added, remained  
p e r f e c t l y  c l e a r .
(3)  N e u tr a l  normal s a l i n e  to  w hich 10 drops o f  a n t i - o x  
serum were added , remè^tped p e r f e c t l y  c l e a r .
I t  would appear t h e r e fo r e  th a t  th e  a l t e r a t i o n  
in  th e  normal p r e c i p i t i n  r e a c t io n  i s  n o t  produced by the 
a o id  or th e  a l k a l i  i n  th e  aoove co m b in a t io n ,  but by th e  
i n t e r a c t i o n  o f  b lood  serum w ith  t h e s e  i n  th e  f l u i d  under  
t e s t .  A m o d era te ly  a o id  r e a c t io n  in c r e a s e s  th e  t u r b i d i t y  
and i t  may s im u la te  a p o s i t i v e  p r e c i p i t i n  r e a c t io n  when 
b lo o d  i s  t e s t e d  w ith  an u n r e la te d  serum. When, however,  
th e  r e a c t i o n  o f  th e  f l u i d  under t e s t  i s  i n t e n s e l y  a o id ,  
th e  p r e c i p i t i n  r e a c t io n  does n ot o c c u r ,  even when a n t i -  
serum i s  a p p l ie d  to  a r e l a t e d  b lood  serum. A s l i g h t  but 
d e f i n i t e  a l k a l i n i t y  d im in ish e s  th e  e x te n t  o f  th e  rea c t io n .  
AV. 4V-.+omaoT-îr ft.ikfi.llne r e a c t io n  p rev en ts  th e  form ation  o f
56.
c o n f l i c t i n g  r e s u l t s ,  i t  i s  n e c e s s a r y  to  ensure t h a t  th e  
s o l u t i o n  under t e s t  i s  n e u t r a l ,  b e fo r e  a p p ly in g  th e  a n t i - 
serum . The r e a c t i o n  o f  a l l  d i l u t i o n s  vjas a s c e r t a in e d  by 
t h e  w r i t e r  b e fo r e  p r o c e e d in g  w ith  any o f  th e  t e s t s  ' 
r e c o r d e d  i n  t h i s  c o n t r i b u t i o n .
The f o l l o w i n g  t e s t s  were made t o  determ ine  
w h eth er  a c id s  or  a l k a l i s  when added t o  d i l u t i o n s  o f  
b lo o d  serum w i l l  produce a p o s i t i v e  p r e c i p i t i n  r e a c t io n  
on th e  a d d i t i o n  o f  u n r e la t e d  a n t i  s e r a .
Human b lo o d  about 8 weeks o ld  was u s e d .  A n t i -  
human and a n t i - p i g  s e r a  were em ployed, o f  t i t r e  l : 2 o ,0 0 0  
(V id e  photograph  Fo . 1 7 ) .
A
b ;
0
d I
1 ; loo . 1 :1 ,0 0 0  . 1 :1 0 ,0 0 0  .
1 . N e u t r a l .
P .P .T  .
2 . N eut­
r a l  .
P .P .? .
3 . N eu t­
r a l  .
P .P .T .
4 . A d d . + "f 5 . A c i d . 4  4 6 . A o id . + +
7 . A l k a l i n e . - 8 . A lka­
l i n e  .
- 9 . A lka­
l i n e .
-
10. N e u t r a l . 4 11 A cid  . 4- + 12. A lka­l i n e  .
4
The tu b e s  i n  th e  rows marked A, B and 0 were 
t r e a t e d  w i th  2 drops o f  a n t i - p i g  serum, whereas th e  tubes  
i n  th e  row marked D were t r e a t e d  w ith  2 drops o f  a n t i -  
human serum, i  c . o .  o f  d i l u t i o n  was added t o  each tu b e .  
O b s e r v â t !o n s . The a o id  r e a c t io n  was e f f e c t e d  by adding
3 drops o f  H0SO4. , th e  a l k a l i n e  r e a c t io n  by adding 3
10
drops o f  ^  ammonium h y d r a t e . A gain  i t  would appear th a t  
when an u n r e la te d  a n t i  serum i s  added t o  a s o l u t i o n  o f  
b lo o d  serum which has a marked a o ld  r e a c t i o n ,  a t u r b i d i t y  
i s  formed w hich  c l o s e l y  s im u la te s  and i s  r e a d i l y  confused  
w it h  a p o s i t i v e  p r e c i p i t i n  r e a c t i o n .
mi-/
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X V I I .
THE OF EXPOSING BLOOD STAINS TO DRY HBAT.
The f o l l o w i n g  t e s t s  were made t o  a s c e r t a i n  th e  
e f f e c t  o f  dry h e a t  upon b lo o d  s t a i n s ,  i n  r e l a t i o n  to  
o b t a in in g  a s o l u t i o n  o f  b lood  serum from them a f t e r  such  
e x p o s u r e .  P e rra i^ g  has o b served  t h a t  no r e a c t io n  can be 
o b ta in e d  from b lo o d  t h a t  has been exposed  t o  a tem pera­
t u r e  o f  130°C. f o r  an h o u r ,  140*^0. f o r  20 m in u te s ,  150^0. 
f o r  t e n  m in u te s ,  or  léo^ C . f o r  from f i v e  t o  t e n  m in u tes .  
B io n d i^ g  co n f ir m s  t h e s e  f i n d i n g s .  MirtOj^^  ^ found t h a t  
b lo o d s  t h a t  have been  exposed  t o  a tem perature o f  from  
100*^0. t o  120^0. are  s o lu b le  i n  normal s a l i n e  and t h a t  
t h e  e x t r a c t  g i v e s  th e  r e a c t i o n ,  but t h a t  exposure to  
tem p e r a tu r e s  betw een  130^0 « and 140^0. i f  such  has l a s t e d  
h a l f  an h o u r ,  g r e a t l y  reduce t h e i r  s o l u b i l i t y ,  and i f  
t h e  exp osure  has l a s t e d  an h o u r , p rev en t  s o l u b i l i t y  and
no r e a c t io n  can be o b ta in e d .
White co tto n  c l o t h  was used  by th e  w r i t e r  f o r  
t h e s e  e x p e r im e n ts .  The age o f  th e  s t a i n s  whi >ch were 
composed o f  human b lood  was e ig h t  w eek s . The s i z e  o f  
t h e  s t a i n s  ex p osed  t o  h ea t  was l i"  square .
Groun A . Three b lood  s t a in e d  samples o f  c l o t h  were 
ex p o sed  t o  dry h e a t  o f  10C<"0 • In  an oven f o r  a p er io d  
o f  an  h o u r .  T h e r e a f t e r ,  p o r t io n s  th e  s i z e  o f  a s ix p en ce  
were e x c i s e d  and p la c e d  In tu b e s  c o n ta in in g  6 o . o .  o f  
norm al s a l i n e .  A lthough  s t e e p in g  l a s t e d  f o r  24 h o u rs .
I t  was found t h a t  a f t e r  s t e e p in g  f o r  15 m in u tes ,  a 
r e d d is h  brown s o l u t i o n  was o b ta in e d ,  w hich y i e ld e d  a 
c o p io u s  p e r s i s t e n t  foam on a p p ly in g  th e  foam t e s t .
A secon d  s e r i e s  o f  th r e e  sam ples a s  above were 
ex p o sed  t o  10C °0. f o r  a p e r i o d  o f  2 h o u r s .  T h e r e a f t e r  
t h e  e x t r a c t s  y i e l d e d  a p o s i t i v e  foam t e s t .
A t h i r d  s e r i e s  o f  th r e e  sam ples a s  above were
exp osed  t o  a  tem perature o f  100°0 . f o r  3 h o u r s .  The 
foam t e s t  was p o s i t i v e .
D i l u t i o n s /
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D i l u t i o n s  o f  a p p ro x im a te ly  1:100 o f  a l l  
e x t r a c t s  from th e  above s t a i n s  were made, a l s o  c o n tr o l  
d i l u t i o n s  o f  e x t r a c t s  from th e  same s t a i n s  n e t  exposed  
t o  h e a t .  I t  v;as found t h a t  exposure  t o  h e a t  d id  not  
d e la y  th e  o b ta in in g  o f  a s o l u t i o n  o f  th e  b lo o d  serum 
from t h e  s t a i n s ,  s o l u t i o n s  from th e  h e a te d  s t a i n s  b e in g  
a s  r e a d i l y  o b ta in e d  a s  t h o s e  from th e  unheated  s t a i n s .  
Anti-hum an serum was a p p l ie d  t o  th e  tu b e s  c o n ta in in g  th e  
d i l u t i o n s  o f  b lo o d  serum e x t r a c t e d  from th e  h e a ted  and 
u n h ea te d  s t a i n s .  A l l  gave a p o s i t i v e  r e a c t io n  f o r  human 
b lo o d  w i t h in  2o m in u te s .  I t  was observed  t h a t  th e r e  was 
no a p p r e c ia b le  d i f f e r e n c e  in  th e  i n t e n s i t y  o f  th e  r e a c ­
t i o n  o b ta in e d  w ith  d i l u t i o n s  o f  th e  b lood  serum e x tr a c te d  
from t h e  s t a i n s  t h a t  had been  h e a te d  and th o se  t h a t  had 
n o t  been  s u b je c te d  to  h e a t .
O b serv a t i  o n s . A s o l u t i o n  o f  b lo o d  serum i s  e a s i l y  
o b ta in e d  from a s t a i n  w ith  normal s a l i n e ,  a lth o u g h  th e  
b lo o d  s t a i n  has p r e v io u s ly  been exposed  t o  a tem perature  
o f  lOC^O. f o r  from one to  th r e e  hours .
Group B . Human b lo o d  s t a i n s  on w h ite  c o t to n  about l 6 
w eeks were em ployed. Areas about 1” square were u se d .
ri T em p eratu re . D i l u t i o n . poam T e s t . P r e c i p i t i n  R e a c t io n .
1 lOOO-ilQOo. 1:100  . 4  + + ) + +
2 10C ° - 12C°0 . 1 : 1 0 0 .
) 24  
1 hours + +
3 i o o ° - i 3o ‘^ o . 1 : 1 0 0 .
+ +
4 10C °-140® 0. 1 : 1 0 0 .
1 n g .
-f + 4  ) + +
5 100® -150° 0 . 1 : 1 0 0 .
i
4 +  4  ) 4-  4-
6 l o o ° - i 6o ° o . 1 : 1 0 0 .
)
+ 4  ) +  4
7 1 •
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Temperature . D i l u t i o n . Poam T est  . P r e c i p i t i n  
R eaoti o n .
7 i o o ° - i 7o ° c . 1:10C . + )
)
4
8 ICC®- 1 8 0 ° 0 . 1 : IOC .
) A f t e r  
+ )
........y 72
4
9 1 0 0 ° - 190° 0 . 1 : lOC .
r
4 ) h o u r s . +
10 1 0 0 °-2 0 0 °C . 1 : 1 0 0 .
T
i- ) 4~
11 1 0 0 °-2 1 0 °C . 1 : IOC . - -
12 10C®-220®0 . 1 :1 GO . - -
13 1 0 0 ° - 2 3 0 ® 0 . 1 : 1 0 0 . - -
( v id e  photograph  No. 24 showing p o s i t i v e  r e a c t io n s  g iv e n  
In  s t a i n s  numbered 6 , 7 , 8 and 1 0 , ) .
The s t a i n s  were p la c e d  in  a t e s t  tube in to  
w h ich  a thermom eter was i n s e r t e d .  The tube was p assed  
downwards th rou gh  th e  r o o f  o f  th e  h ea t  chamber. In t h i s  
manner th e  tem p eratu re  o f  th e  c l o t h  was ta k en  a c c u r a t e ly ,  
a s  th e  base  o f  th e  thermom eter and th e  s t a i n  were in  th e  
same p o s i t i o n  i n  th e  h e a t  chamber. Each s t a i n  vjas p la ced  
in  th e  oven when th e  tem perature  had reached 1 0 0^0 . and 
rem ained th e r e  u n t i l  th e  tem perature  recorded  on th e  r ig h t  
o f  th e  f i r s t  column o f  th e  t a b le  above was a t t a i n e d .  
T h e r e a f t e r  i t  was im m ed ia te ly  removed, a p o r t io n  th e  s i z e  
o f  a s ix p e n c e  e x c i s e d ,  a d i l u t i o n  o f  1 :1 0 0  made up and
t e s t e d  w ith  anti-hum an serum.
p o s i t i v e  r e a c t io n  was o b ta in ed  from a d i l u ­
t i o n  o f  a b lo o d  s t a i n  brought from a tem perature  o f  1C0 ° 0 . 
up t o  200^ 0 . I t  w i l l  be n o ted  t h a t  a s o l u t i o n  from th e  
s t a i n s  y i e l d e d  a p o s i t i v e  foam t e s t  i n  a l l  o a s e s  o f  
exp o su re  up t o  2 0 0 ° C . ,  hut t h a t  th e  o b ta in in g  o f  a s o l u -  
t l o n  w hich gave a p o s i t i v e  foam t e s t  a f t e r  s t e e p in g  f o r  
24 hours was o n ly  p o s s i b l e  in  t e s t s  1 - 6 .  In  t e s t  6 th e  
foam was n o t  so  cop io u s  a s  in  1 -5 -  In  t e s t a  7 -1 0  a 
p o s i t i v e  foam t e s t  was o n ly  o b ta in ed  a f t e r  s t e e p in g  in
I
I s a l i n e /
6 o .
s a l i n e  f o r  72 h o u r s .  In  t e s t s  I I - I 3 , th e  foam t e s t  was 
n e g a t iv e  even  a f t e r  p ro lo n g ed  s t e e p i n g .  These t e s t s  
show t h a t  a s o l u t i o n  o f  th e  s t a i n  I s  more d i f f i c u l t  to  
o b t a i n , a f t e r  th e  exp osure  o f  th e  s t a i n s  t o  dry h e a t  o f  
160^0 . up t o  200^ 0 . A f t e r  exposure  above t h a t  tem p era tu re ,  
a s o l u t i o n  o f  th e  serum o f  th e  b lo o d  from th e  s t a i n  cannot 
be o b ta in e d  even  a f t e r  p ro lo n g ed  s t e e p i n g ,  a s  shown by th e  
a b se n c e  o f  a p o s i t i v e  r e a c t i o n  t o  th e  foam t e s t  and 
p r e o l p l t l n  t e s t  .
Group G. The e f f e c t s  o f  exposure o f  human b lood  s t a i n s  
about 16 vizeeks o ld  on t h i c k  b lu e  w o o l le n  m a te r ia l  , to  
dry  h e a t .
r
Temper- ] 
a t u r e .
D u rât i o n . poam T e s t . Di lu ­
t i  on.
Preci p i t in  
Reaoti on.
1 13C ° 0 . 15 m in s . + 4- a f t e r  
s t e e p in g  
72  h o u r s .
1:100 . f 4
d—  
2 150O0 . 15 mi n s . 4- a f ter
s t e e p in g  
72 h o u r s .
1 :loo . 44
3 180^0 . 15 mine. 1:100. 4
4 200^0 . 2 m in s . 1:100. 4
5 230 c . 5 mi n s . -  a f t e r  lo n g  p e r io d  
o f  stcGP- 
i n g .  s p e c i ­
men was 
s c o r c h e d .
1:100 .
a U  th e  s o l u t i o n s  o f  th e  s t a i n s  were s l i g h t l y  
a o ld  i n  r e a c t i o n  and b e fo r e  th e  human an tiseru m  was added,  
t h e y  were n e u t r a l i s e d  w ith  weak ammonium h y d r a te .  A ll  
s o l u t i o n s  were o e n t r l f u g e d .
o b s e r v a t i o n s . The p r e o l p l t l n  r e a c t io n  oan be o b ta in ed  
w i t h  b lo o d  serum e x t r a c te d  from a  s t a i n  which has been  
ex p o sed  t o  dry h e a t  o f  130®0 . f o r  15 m in u te s ,  150° 0 . f o r  
15  m in u te s ,  1 8 0 ° 0 .  f o r  15 m in u tes ,  2 0 0 ° 0 . f o r  2 m in u te s .  
I t  was fou nd  t h a t  a f t e r  exposure t o  a  tem perature o f  
230° f o r  5 m in u te s ,  th e  c l o t h  was s c o r c h e d .  The e x t r a c t
from /
6 1 .
from t h i s  s t a i n  d id  n o t  y i e l d  a foam , and a p o s i t i v e  
p r e c i p i t i n  r e a c t i o n  was n e t  o b t a in e d .
P o r t io n s  o f  navy  b lu e  s e r g e  o l c t h , o n  w hich  
human b lo o d  had b een  im posed  s i x t e e n  w eeks p r e v i o u s l y ,  
w ere t r e a t e d  a s  i n  th e  e x p e r im e n ts  In  Group 0 .  I t  was 
fo u n d  t h a t  a f t e r  ex p o su r e  t o  dry  h e a t  o f  1 3 0 ^^0 . f o r  15 
m in u te s ,  150^ 0 . f o r  15 m in u t e s ,  IBoOq. f o r  15 m in u tes  
and 2 ( 0 ^0 . f o r  2 m in u t e s ,  a s o l u t i o n  was o b ta in e d  a f t e r  
s t e e p i n g  t h e  s t a i n s  in  s a l i n e  f o r  72 h o u r s ,  w h ich  y i e l d e d  
a p o s i t i v e  foam t e s t  and a p o s i t i v e  p r e c i p i t i n  r e a c t i o n  
f o r  human b l o o d .  E xp osu re  o f  s t a i n s  t o  dry  h e a t  up t o  
15C°0 . d id  n o t  c a u se  d i f f i c u l t y  i n  o b t a in in g  a s o l u t i o n  
o f  b lo o d  serum . Above t h a t  t e m p e r a tu r e ,  nam ely from l 6o ° - ;  
2 0 0  ^ t h e  s t a i n s  r e q u ir e d  lo n g e r  s t e e p i n g  i n  s a l i n e  t o  
e f f e c t  a s o l u t i o n  o f  b lo o d  seru m . Above 2 0 0 a 
s o l u t i o n  o f  b lo o d  serum was n o t  o b t a in e d .
I t  sh o u ld  be n o te d  t h a t  i n  Group D . a l l  
s o l u t i o n s  w ere n e u t r a l  i n  r e a c t i o n .
I n  t h e  f o r e g o i n g  t e s t s  2 drops o f  a n ti-h u m a n  
seru m , t i t r e  1 :2 0 ,0 0 0  w ere u s e d .
Group B . S t a i n s  on w h i t e  c o t t o n  ab o u t  24 h o u rs  o l d ,  
w h ic h  w ere s u b j e c t e d  t o  t h e  f o l l o w i n g  te m p e r a tu r e s  o f  
d r y  h e a t  f o r  t h e  f o l l o w i n g  p e r i o d s ,  y i e l d e d  t h e  u n d e r ­
n o t e d  r e s u l t s  : -
The s t a i n s  w ere s t e e p e d  i n  norm al s a l i n e  f o r  5 
h o u r s ,  i n  o r d e r  t o  o b t a in  an  e x t r a c t  o f  b lo o d  serum .
T e m p e r a tu r e . D u r â t1 o n . Poam T e s t . P r e c i p i t i nR e a c t io n .
1 l 3 o ° o . 1% h o u r s . 4 4
2 14C°C. 1% h o u rs  . 4 4
3 1 5 0 ®0 . i  h o u r . 4 4
4 l 6o ° o . ^ h o u r . 4 +
(V id e  p h o to g r a p h  N o. 23 )  .
I t  s h o u ld  be n o t e d  t h a t  t h e  w r i t e r  d id  n o t  
e n c o u n t e r  d i f f i c u l t y  i n  e x t r a c t i n g  b lo o d  serum w i t h  s a l i n e  
i n /
6 2 .
In  t h e s e  ex i^ er im en ts , c o n tr a r y  to  th e  e x p e r ie n c e  o f  
F u t t a l l |^4 who f r e q u e n t ly  found t h a t  b lood  d r ied  on f i l t e r  
p ap er  in  h ot c o u n t r ie s  would not p ass  in to  s o lu t i o n  w ith  
s a l i n e  a f t e r  s t e e p in g  24 hours a t  3 7 ^ 0 .
m H .
• THE EFEBGTS OF STEEPING RSIATIVELY FRESH BLOOD 
STAINS IN COLD WATER.
A . I . So f a r  a s  t h e  w r i t e r  i s  aware, no s y s t e m a t ic
i n v e s t i g a t i o n s  have p r e v io u s ly  been made on t h i s
im p ortan t m e d ic o - le g a l  q u e s t i o n .  For th e  exp erim en ts
human b lo o d  s t a i n s  24 hours o ld  on w h ite  c o t to n  were
u s e d .  A reas  o f  s t a i n  It" square were u se d .
P e r i  od o f  
s t e e p in g  
i n  w a te r .
Appearance  
o f  cl o th  
a f t e r  
s t e e p i n g .
D u ration
o f
s t e e p in g  
in  saline.
poam 
T e s t .
P r ec i -  
p i t i n  
Reac — 
t i  o n .
1 15 m in u t e s . Reddi sh  
brown.
+ 4. + 4
2 30  m in u te s . 4 + + 4
3 4 5  m in u t e s . + +
4 60 m in u tes . + 4
5 I t  h o u r s .
S teep ed
in
+ 4-
6 I t  h o u r s . normal + 4.
7 2 h o u r s .
s a l i n e
f o r
+ +
8 2t  h o u r s . 24 + 4
9 2 t  h o u r s .
h o u r s .
+ 4-
10 3 h o u r s . + +/
11 4  hours . 4 4
12 5 hours . +
-4-
__ :_•:... —1 ’ ~~
( v i d e  p h o t o g r a p h  No. 21 wW o h  a h o v M  r e s u l t s  o f  t e s t s  1 ,  
3 ,  6 and 11 . P h o t o g r a p h  t a k e n  24 h o u r s  a f t e r  r e a c t i o n
w a s  o b t a i n e d )  .
The/
63.
The s t a i n s  were s te e p e d  i n  20 o . o . s  o f  
I d i s t i l l e d  w a t e r .
I  TWO drops c f  anti-hum an serum , t i t r e  1 :2 0 ,0 0 0
■ were added t o  each  d i l u t i o n  o f  b lo o d  serum and in  a l l  a 
i  p o s i t i v e  r e a c t i o n  was o b ta in e d  w i th in  20 m in u te s . A f t e r  
; th e  s t a i n s  had been s te e p e d  i n  th e  w ater  f o r  from 15 
; m in u tes  t o  I t  h o u r s ,  a c o p io u s  foam was y i e ld e d  i n  th e  
i s a l i n e  e x t r a c t ;  w hereas a f t e r  s t e e p in g  i n  w ater  f o r  from 
I t  t o  3  h ou rs  a f a i r l y  co p io u s  foam was produced i n  th e  
I e x t r a c t s .  The e x t r a c t s  made from th e  s t a i n s  which had 
I  s t e e p e d  i n  w a ter  f o r  from 4  t o  5 hours y i e l d e d  foam, but  
i n o t  t o  such  a marked e x t e n t  a s  i n  th e  o th e r  i n s t a n c e s .
; The d i l u t i o n s  o f  b lo o d  serum which had been e x t r a c te d  from 
I  th e  s t a i n s  a f t e r  s t e e p in g  in  th e  w a ter  f o r  from 15 m inutes  
t o  1& h ou rs  produced a more marked p r e c i p i t i n  r e a c t io n  
th a n  t h e  d i l u t i o n s  o f  th e  e x t r a c t s  from th e  s t a i n s  which  
had s t e e p e d  f o r  from l i  t o  5 h o u r s ,  a lth o u g h  t h e s e  r e a c ­
t i o n s  were a l s o  d e f i n i t e l y  p o s i t i v e .
I A .2 .  T e s t s  were n e x t  made w ith  th e  v a r io u s  w a ters  in  
I  w hich  th e  s t a i n s  had been s t e e p e d .  A l l  th e  s o lu t i o n s  were 
j o f  a  p a le  r e d d ish  brown c o lo u r ,  s u g g e s t in g  th e  p resen ce  o f  
i b lo o d .  A p o r t io n  o f  each  o f  th e  tw e lv e  w aters  was t e s t e d  
1 f c r  th e  p r e s e n c e  o f  albumen by th e  a p p l i c a t i o n  o f  th e  h eat  
I t e s t ,  w i th  p o s i t i v e  r e s u l t .  The p r e c i p i t i n  t e s t  was 
I a p p l i e d  t o  a second  p o r t io n  o f  each  s t e e p in g  and a p o s i -  
I t i v e  r e a c t i o n  f o r  human b lo o d  was o b ta in e d  in  a l l .
I E sb a c h 's  T est  f o r  th e  q u a n t i t a t i v e  e s t im a t io n  o f
I albumen p r e s e n t  in  th e  s t e e p in g s  was made w ith  th e  
f o l l o w i n g  r e s u l t s : -
1 .  Trace o f  albumen, to o  s m a l l  In  amount t o  e s t im a te  In  
th e  s sb a o h  Tube.
2 .  and 3 .  Gave same r e s u l t .
4 .  C on ta ined  -25 gm. albumen p e r  l i t r e .
5 .  " - 4 5 ...............................................
1 0 . " - 5 ..................................... ..........
1 1 . " -4  " ............
1 2 . " - 5 .............................................
The amount o f  albumen In c r ea se d  p r o p o r t io n a te ­
l y  w ith  th e  d u r a t io n  o f  s t e e p in g .  No. H  I s  an e x c e p t io n  
b u t t h i s  may have been  due to  th e  f a c t  th a t  th e r e  was a
smal l e r /
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s m a l le r  amount o f  albumen i n  th e  s t a i n  o r i g i n a l l y .  
O b s e r v a t i o n s . The e f f e c t  o f  s t e e p in g  c lo t h s  s t a in e d  w ith  
r e c e n t  b lo o d  in  c o ld  w a ter  f o r  a p e r io d  o f  f i v e  hours d id  
n o t p r e v e n t  a  p o s i t i v e  p r e c i p i t i n  r e a c t io n  b e in g  ob ta in ed  
Fu rth erm ore , a l th o u g h  s u f f i c i e n t  b lood  serum was l e f t  in  
t h e  s t a i n s  a f t e r  s t e e p in g  t o  o b ta in  a p o s i t i v e  r e a c t io n ,  
an  a p p r e c ia b le  amount c f  b lo o d  serum was brought in to  
s o l u t i o n  w ith  th e  w a ter  i n  w hich th e  s t a i n s  were s te e p e d ,  
p r o g r e s s i v e l y  i n c r e a s in g  i n  amount a f t e r  s t e e p in g  f c r  
from l i  hours up t o  5 h o u r s .  Shaking or a p p ly in g  th e  
foam t e s t  t o  th e  s t e e p in g s  th e m se lv e s  produced a cop iou s  
l a s t i n g  foam i n  a l l .
B . l . E f f e c t s  o f  s t e e p in g  o ld  b lo o d  s t a i n s  in  c o ld  w ater .  
The s t a i n s  m easuring l i"  square were e ig h t  or n in e  weeks 
o l d ,  and were s te e p e d  in  1& oz . o f  d i s t i l l e d  w a ter .
White c o t to n  was th e  m a te r ia l  u se d .
D uration o f  
S t e e p i n g .
Appearance  
o f  S t a in s  
a f t e r  
s t e e p i n g .
C olour o f  
S o lu t i  o n .
poam 
T e s t .
P rec i pi -  
t i n  Re­
a c t io n  .
1 15 m in u te s . Browni sh  
r e d .
Very p a le  
y e l lo w .
+• + + +
2 . + + 4" *•
3 Î-5 + + 4- 4-
4 DO «
«
+ 4- 4-
5 l i  h o u r s . + + + +
6 l i  " + + 4- +•
7 2 + 4- + +■
8 2 i + -f-
9 2 i  " +■ 4-
10 3 "
I f 4" +
11 4
I f 4- 4-
12 5 "
I t 4- 4-
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The c a p i l l a r y  tu b e  method f o r  th e  a p p l i c a t i o n  
o f  t h e  t e s t  was used  i n  t h i s  experim ent..
B . 2 . T e s t s  upon th e  s t e e p i n g s .
P e r lo d  o f  
S t e e p in g .
C olour o f  
S t e e p i n g s .
Heat T est  
f o r  
Albumen.
poam 
T e s t .
P r e c ip i ­
t i n  Re — 
a c t i o n .
1 L5 m in u te s . P r a o t i  o a l l y  
c o l  o u r l e s s .
4” 4* +
2 50 4- 4- 4-
3 1-5 4- f 4-
4 So S i . y e l lo w  
c o lo u r .
+  4- 4- 4" + ■+
5 l i h o u r s . •4- 4- +• + 4* 4-
6 l i I I + + 4. +• + 4- 4-
7 2 I I t  + f 4- I-
8 2 i IV + + 4 4- + 4- 4-
9 2 i I I +  -k + 4-4- 4- 4-4- +
10 3 I f I t •+•4“ 4- 4- +  +
11 4 I I I I +  4- 4“ 4“ 4* +  +  +
12 5 I t + +• 4* 4* 4- -h + +  + 4 “
I  A p o s i t i v e  p r e c i p i t i n  r e a c t i o n  was g iv e n  in
I  a l l  w i t h in  20 m in u te s .  C a p i l la r y  tube method was u se d .
The r e s u l t s  o f  t h e s e  exp er im en ts  may be 
I summarised a s  f c l l o w s ; -
i  B lood  s t a i n s  24 hours o ld  and th o s e  o f  8 or 9
I  w eek s , when s te e p e d  i n  c o l a  w ater  up t o  5 hours r e t a i n
s u f f i c i e n t  b lo o d  serum to  produce a p o s i t i v e  p r e c i p i t i n
i
; a c t i o n .  The o ld e r  s t a i n s  a p p a r e n t ly  r e ta in e d  more serum 
th a n  t h e  f r e s h e r  o n e s , presum ably due t o  th e  g r e a t e r
I  f i x a t i o n  o f  th e  serum as  th e  r e s u l t  o f  a g e .  The e x te n t
I o f  t h i s  f i x a t i o n ,  a lth o u g h  s u f f i c i e n t  to  r e t a i n  serum  
I i n  th e  s t a i n  a f t e r  s t e e p in g  up t o  5 hours cou ld  be o v e r -  
I come/  •
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oome when th e  s t a i n  so exposed  was t r e a t e d  w ith  s a l i n e  
f o r  24  h o u r s ,  so t h a t  a p o s i t i v e  p r e c i p i t i n  r e a c t io n  was 
o b ta in e d  w i th  th e  e x t r a c t  o f  b lo o d  serum. The e x te n t  o f  
t h i s  f i x a t i o n  i s  more f u l l y  i n v e s t i g a t e d  In l a t e r  
e x p e r im e n ts ,  when th e  s t a i n s  were s u b je c te d  to  th e  a c t io n  
o f  warm and b o i l i n g  w a te r .
XIX.
EXPERIMENTS TO OBSERVE THE EFPBCTS OF SUBJECTING
REMTXVEL.Y FRESH JBIAiCD_BEAINS. TO WATER AT RnQp.. 
IN RELATION TO THE PRECIPITIN TEST.
0-.-1. B lood  s t a i n s  w hich were 24 hours o ld  on w h ite  
c o t t o n  were u s e d .
P e r i  od o f  
S t e e p i n g .
Foam T e s t .
P e r io d  to  
e f f e c t  s o l u ­
t i o n  w i th  
s a l i n e .
P r e c i p i -  
t i n  Re­
a o t i  o n .
1 15 m in u t e s . + + 1 hour. + +•
2 .30 IV + + + -H
3 4-5 -+ 4" +
4 6o + -4~
5 IJ  h o u r s . + +
6 l i If +■
7 2 IV +
8 2 i VI + If +
9 2 i II 4" I I
10 3 I I +
If +
11 4 IV 4- I I +
12 5 =4-
•Dhe s t a i n s  were s t e e p e d  i n  20  o . c . s  o f  w a te r ,
I c o n ta in e d  in  g l a s s  b e a k e r s .  These were p la c e d  in  a w ater  
ib a t h ,  t h e  tem perature o f  which was kept a t  5 0 ^0 .
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0 v 2 . T e s t s  made w i th  th e  w a te r s  In  w hich th e  s t a i n s  had 
b een  s t e e p e d .
P e r io d  o f  
S t e e p in g . Foam T e s t .
Heat T est  
f o r  
Albumen.
P r e c ip i  -  
t i n  Re­
a o t i  on.
1 15 m in u t e s . •f + +
2 30 Iff + +
3 45 If + + +
4 60 ff + +
5 I t  h o u r s . + + +
6 la + + + +■
7 2 *1 + + + + 4- 4*
8 2 i If 4- + + + 4" +
9 2 i If + 4" 4" + + 4* 4
10 3 I f + + + +• + + 4
11 4 I f + + + +• + 4 4
12 5 I f 4 - +  + + + +• 4
B e fo r e  a p p ly in g  th e  p r e o l p l t l n  t e s t ,  a l l  the" ... 
s t e e p i n g s  were f i l t e r e d ,  t o  c l e a r  th e  s o lu t i o n s  o f  a 
I s m a l l  amount o f  d e b r i s ,  and on accou n t o f  a s l i g h t  mould 
! w hich  had formed on t h e i r  s u r f a c e s ,  a s  t h e s e  s o lu t io n s  
j had been kept i n  th e  la b o r a to r y  f o r  s i x  d a y s .
! O b s e r v a t io n s . S te e p in g  in  w a ter  a t  a tem perature  o f  
! 50^0  • e x t r a c t e d  some o f  th e  b lo o d  serum from th e  s t a i n s ,  
but l e s s  th an  when s te e p e d  in  c o ld  w a ter  f o r  th e  same 
p e r io d ,  p o s s i b l y  on accou n t o f  th e  h e a t  f i x i n g  some o f  
i  th e  albumen in  th e  s t a i n s  but n ot to  such  an e x te n t  a s  
t o  p r e v e n t  a s o l u t i o n  o f  I t  b e in g  e x t r a c te d  r e a d i l y  by 
s a l i n e  from th e  s t a i n s  so t r e a t e d ,  
j  EJL- F u r th e r  t e s t s  t o  a s c e r t a i n  th e  e f f e c t  o f  s t e e p i n g
i o l d /
08
o ld  b lo o d  s t a i n s  In  w a te r  m ain ta in ed  a t  a tem perature  o f  
5 0 ° 0 .  f o r  v a r y in g  p e r i o d s .  The s t a i n s  used  were about  
16  weeks o l d .  They were on w h ite  c o t t o n .  20 c . o ,  o f  
w a te r  was u s e d .
D u râ t io n  
o f  s t e e p ­
in g  .
Appearance  
o f  s t a i n  
a f t e r  
s t e e p i n g .
Colour
o f
s o l u t i o n .
poam
T e s t .
P r e c i p i -  
t i n  Re­
a c t i  on.
1 15 m in u te s . Brown. P a le  
ye 1 lo w .
4 "  4 "  4 - 4 4
2 30 + 4- +■ +  +
3 4 .5 Straw  
y e l l o w .
4 4 4 4
4 60 VI 4. ^ 4 4
5 14 h o u r s .
I f + 4 + +
6 l i  " f t I f 4 4 4 -  4
7 2 t f 4. 4. +
8 24 I f I I 4  4 4
9 2 i  " t r Almost c o lo u r ­
l e s s  .
+ + 4
10 3 I f 4 4
11 4 + +
12 5 4 4
The t e s t s  In t h i s  experim ent were made In  
i  c a p i l l a r y  t u b e s .  ’ P o s i t i v e  r e a c t io n s  In a l l  were g iv e n  
: w i t h in  20  m in u tes  .
| d_ ^ .  The a p p l i c a t i o n  o f  th e  p r e c i p i t i n  t e s t  t o  th e  
s t e e p i n g s  i n  experim ent D . l .
6 9 .
P e r io d  o f  
S t e e p in g .
Poam T e s t . Heat T est f o r  
Albumen. '
P r e c i p i t i n  
R eacti on.
1 15  m in u t e s . +• 4 - 4
2 30 +■ 4 4
3 45 4 4 4
4 6o +■ 4 4
5 l 4  h o u r s . 4 4* . 4
6 l i  " 4 4 4
7 2 4  4 4* 4
8 2 i 4  4 4 4
9 2 i  " 1  4 4 +
1 0 3 4  4 4 4
1 1 4 4  4 4 4
1 2 5 4  4 4 4
The p r e o l p l t l n  t e s t  was a p p l ie d  to  a p o r t io n  
: o f  eaoh s t e e p in g  by th e  oapi l l a r y  tu be  method and a 
p o s i t i v e  r e a c t io n  was o b ta in ed  in  a l l  w i t h in  20  m inutes .  
O b serv a ti  ons . The p r e c i p i t i n  r e a c t i o n  was o b ta in ed  w ith  
e x t r a c t s  from b lo o d  s t a i n s  s i x t e e n  weeks o ld ,  t h a t  had 
been  s t e e p e d  in  w a ter  a t  a tem perature  o f  50 C. f o r  from 
i 15 m in u tes  t o  5 h o u r s ,  th e r e  b e in g  s u f f i c i e n t  b lood  serum 
l e f t  i n  th e  s t a i n s  i n  a s t a t e  w hich  w i l l  perm it o f  i t  
I b e in g  brought in t o  s o lu t i o n  by normal s a l i n e ,  a f t e r  such  
i  e x p o s u r e .  The s t e e p in g s  i n  which th e  s t a i n s  had soaked  
I  f o r  from 15 m inutes  t o  5 hours a l l  gave a p o s i t i v e  foam 
I t e s t  and a p o s i t i v e  p r e c i p i t i n  r e a c t :  on, an a p p r e c ia b le  
I  amount o f  albumen d e r iv e d  from th e  serum b e in g  in  
I  s o l u t i o n ,  e s p e c i a l l y  a f t e r  s t e e p in g  f o r  3 ,  and 5 
I h o u r s .
I I t /
70.
I t  must be remembered t h a t  In  a l l  t h e s e  
e x p e r im e n ts ,  th e  s t a i n s  u se d  were produced by s a tu r a t in g  
t h e  c l o t h  w ith  b lo o d .
EXPERIMENTS WITH OLD BLOOD STAINS WHICH WERE 
SUBJECTED TO BOILING.
A |.  Human b lo o d  s t a i n s  were imposed on w h ite  c o t to n  c l o t h .  
The b lo o d  was about 12 weeks o ld .  Areas 2" square were
u s e d .  The s t a i n s .w e r e  p la c e d  in  200 c . o .  d i s t i l l e d  w a ter ,
a f t e r  i t  had a t t a i n e d  b o i l i n g  p o i n t .
D u r a t io n  c f  
B o i l i n g  .
Appearance  
o f  S t a i n .
Colour o f  
S o lu t i  o n .
1 poam 
i T est  .
P r e c ip i  -  
t i n  Re­
a c t i o n .
1 5 m in u te s . Red brown. Y e llo w . + 4
2 10 L igh t
brown.
S tra w . 4  + 4
3 15 I t f t +  + 4
4 2 0 H I t +  + 4
5 25 I t 4" 4 4
6 30 4 4
7 35 Very l i g h t  
brown.
IV 4 4
8 40 i (
I f 4 4
9 45
I t If 4 4
10 50 tf 4 4
11 55 4 4
12 6o 4 4
A f t e r  s t e e p in g  i n  s a l i n e  f o r  2 4 ^ o u r s  , a à c . o .  
i  o f  e x t r a c t  o f  eaoh s t a i n  was p la c e d  i n  D ]^ers tu b e s  and 2 
; drops o f  anti-hum an serum were added t o  each .
; O b s e r v a t io n s . I t  would appear t h a t  w hatever  e f f e c t
i  b o i l i n g /
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b o i l i n g  h as  upon t h e  s t a i n s ,  s u f f i c i e n t  b lood  serum in  
a c o n d i t io n  which w i l l  perm it  o f  e x t r a c t io n  w ith  normal 
s a l i n e  i s  l e f t  i n  th e  s t a i n s  a f t e r  b o i l i n g  f o r  from 5 
m in u tes  t o  1 hour t o  g iv e  a p o s i t i v e  p r e c i p i t i n  r e a c t io n .
A . 2 . The t e s t  was a p p l ie d  to  p o r t io n s  o f  each  o f  th e  
b o i l i n g s  and a p o s i t i v e  r e a c t io n  o b ta in ed  w i t h in  20  
m in u t e s .  I t  sh o u ld  be n o ted  t h a t  some o f  t h e s e  
s o l u t i o n s  e x h i b i t e d  a h a z e .  Those t l ia t  e x h ib i t e d  a 
h aze  were t h o s e  i n  w hich  th e  b o i l i n g  had been maintained  
f o r  some c o n s id e r a b le  t im e .  To determ ine th e  e x te n t  of 
t h e  p r e c i p i t i n  r e a c t i o n ,  c o n t r o l s  o f  th e  s o l u t i o n s  
w ith o u t  th e  a d d i t i o n  o f  a n t i  serum were c o n tr a s te d  w ith  
th e  t u b e s  t o  w hich a n t i  serum had been added in  order
t o  a s c e r t a i n  w hether  an a p p r e c ia b le  in c r e a s e  in  th e  
t u r b i d i t y  had o c c u r r e d ,  b e fo r e  r e g a r d in g  th e  r e a c t io n  
p o s i t i v e .  S in c e  t h i s  haze was regarded  a s  b e in g  due to  
album en, produced by th e  h ea t  o f  b o i l i n g ,  i t  was n ot  
th o u g h t  e x p e d ie n t  t o  f i l t e r  or  c e n t r i f u g a l i  se- th e  
tu b e  s .
B . A square c f  f i l t e r  paper m easuring 2" sa tu r a te d
w i t h  human b lo o d  d r ie d  th e r e o n  f o r  14 weeks o ld  was
b o i l e d  f o r  i  hour in  20C c . o .  o f  d i s t i l l e d  w a te r ,  th e
s t a i n  b e in g  put i n  when th e  w a ter  had reached  b o i l i n g
p o i n t .  An e x t r a c t  o f  th e  s t a i n  w ith  s a l i n e  gave a
p o s i t i v e  p r e c i p i t i n  r e a c t io n  w i t h in  20  m in u tes .
^ . p u r th e r  ex p er im en ts  t o  determ ine w hether a f t e r  
b o i l i n g  a  s t a i n ,  a p o s i t i v e  p r e c i p i t i n  r e a c t io n  may be
o b t a in e d .
A s t a i n  composed o f  human b lo o d ,  14 weeks o ld  
th e  s i z e  o f  two t h i r d s  o f  a s ix p e n c e  was b o i l e d  in
: d i s t i l l e d  w a ter  f o r  & h o u r . On removal from th e  w a ter
I
I  i t  was p la c e d  i n  a t e s t  tu be  and 4  o . c .  o f  normal s a l in e  
1 were added . A f te r  24 h o u r s ' s t e e p in g  a s l i g h t  foam was 
i g iv e n  on th e  a p p l i c a t i o n  o f  th e  foam t e s t ,  i  c . o .  o f  
I th e  e x t r a c t  was t r a n s f e r r e d  t o  a Durham tube and 
I  t r e a t e d  w i t h  a n t i  -human serum. A p o s i t i v e  r e a c t io n  
was o b ta in e d  w i t h in  m in u te s .
(V id e /
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(v ide  p hotograph  Ko. 1 8 ) .
A secon d  experim ent s i m i l a r  t o  th e  form er one 
was made, th e  s t a i n  b e in g  b o i l e d  f o r  one h ou r , a 
p o s i t i v e  r e a c t i o n  was o b ta in e d  from th e  e x t r a c t  w i t h in  
20 m in u t e s .  (V ide photograph No. 1 9 ) .
D . T e s t s  w i th  b lo o d  s t a i n s  tw e lv e  weeks o ld  which had 
b een  exp osed  to  th e  p e r io d s  o f  b o i l i n g  in d ic a t e d  below ,  
and w hich  a f t e r  b o i l i n g  had been kept t e n  w eek s . Each 
s t a i n  was s t e e p e d  f o r  48 h o u r s , a lth o u g h  in  many o a se s  
a foam was produced on sh ak in g  a f t e r  trea tm en t  w ith  
s a l i n e ,  l a s t i n g  h a l f  an h ou r .
Duration o f  B o i l i n g . Colour o f  
S o lu t i  on.
Foam 
T e s t .
P r e c i p i t i n  
Reacti o n .
1 5 mi nut e s  . Y ello w . + + 4
2 10 Straw . +  4 4
3 15 It +  4 4
4 20 If It 4  4 4 -
5 25 If If 4  4 4
6 30 It 4 +
7 35 It 4 + .
8 40 It 4 4
9 45 I f 4 -4
10 50 4 +
11 55 4 4
12 6o +
i  The c o lo u r  o f  th e  s t a i n s  was fad ed  brown, but
I a f t e r  c o n ta c t  w ith  th e  s a l i n e  s o l u t i o n  f o r  t e n  m in u te s ,
I t h e y  assumed a r e d d is h  c o lo u r ,  c l o s e l y  re sem b lin g  t h a t  
o f  f r e s h  b lo o d .  A l l  th e  s t a i n s  were on w h ite  c o t to n  
c l o t h .
a-/
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a« E xp er im en ts  con d u cted  t o  a s c e r t a i n  w hether b o i l i n g  
b lo o d  s t a i n s  24 hours o ld  a f f e c t s  th e  a p p l i c a t i o n  o f  
t h e  p r e c i p i t i n  r e a c t i o n .  The s t a i n s  u se d  were o f  human 
b lo o d  w hich  had been  imposed on w h ite  c o t t o n ,  tw enty  
f o u r  h ou rs  p r e v i o u s l y .  P o r t io n s  1" square were put 
i n t o  w a ter  a f t e r  i t  had a t t a i n e d  b o i l i n g  p o i n t .  The 
amount o f  w a te r  u se d  i n  each  c a se  was 20C o .o .
D u ra t io n  
o f  B o i 1-  
I n g .
Appearance  
o f  S t a i n .
Colour o f  
S o l u t i o n .
Poam 
T e s t .
Preci p i -  
pin Re­
a c t i  on.
1 5 mi n s . V. P a le  
Brown.
C o l o u r l e s s . -
1 ”
2 10 " «1 -
3 15 ” I f - -
4 20  " I f - -
5 25 " ir
I f
— -
6 30 " ft I f - -
7 35  " ft - -
8 40 " I t - -
9 45 " I f - -
10 50 "
11
- -
11 55 " - -
12 6o " — -
-  1
The b o i l i n g s  were f i l t e r e d  a f t e r  h av in g  sto o d
f c r  f o u r  d a y s .  The s o l u t i o n s  were c l e a r ,  and a l l  gave
I p o s i t i v e  r e a c t i o n s  to  human b lo o d  on th e  a p p l i c a t i o n  o f
t h e  p r e c i p i t i n  t e s t .  (Vide photograph  No. 22 showing  
t h e  p o s i t i v e  r e a c t i o n s  o b ta in e d  i n  th e  b o i l i n g s  o f  th e
i s t a i n s  numbered 6 , 9 and 1 2 ) .
!
; C onolusi ons . /
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C c n o lu s lo n s . The e f f e c t  o f  s t e e p in g  s t a i n s  in  o d d  
w a te r  ap p ea rs  to  be t h a t  a g r e a t e r  amount o f  th e  b lood  
serum on w h ich  th e  p r e c i p i t i n  t e s t  depends i s  tak en  
i n t o  s o l u t i o n  by th e  w a te r ,  th an  when h e a t  i s  a p p l ie d  
i n  th e  form o f  warm w a ter  a t  a tem perature o f  5C°C. or
i n  th e  c a se  o f  b o i l i n g  w a te r ,  th e  amount o f  b lood
serum or albumen p r e s e n t  b e in g  c o n s id e r a b le  in  th e  
c a se  o f  c o ld  w a ter  s t e e p i n g s .  The trea tm en t  o f  s t a i n s  
w h eth er  f r e s h  or o ld ,  by w ater  a t  a tem perature o f  5 Q°0 . 
f o r  from 15 m inutes  t o  5 h o u r s ,  d id  n ot i n t e r f e r e  w ith  
o b t a in in g  a p o s i t i v e  p r e c i p i t i n  r e a c t i o n ,  a lth o u g h  l e s s  
b lo o d  serum was r e t a in e d  in  th e  form er s t a i n s  than  in  
t h e  l a t t e r .  The h e a t  a p p a r e n t ly  d id  n o t  f i x  th e  b lood  
serum t o  such  an e x te n t  a s  t o  p r e v e n t  i t s  s o lu t i o n  
a f t e r  p r o lo n g ed  s t e e p in g  w i th  s a l i n e ,  but i t  was 
s u f f i c i e n t l y  f i x e d  t o  p rev en t  th e  w a ter  i n  which th e  
s t a i n  was s t e e p e d  from e x t r a c t i n g  i t  a l l .
In  th e  ca se  o f  f r e s h  s t a i n s ,  b o i l i n g  q u ic k ly  
e x t r a c t s  th e  b lo o d  serum w hich has n ot y e t  become f ix e d  
i n  th e  s t a i n .  This e x t r a c t i o n  i s  so com plete  th a t
n e i t h e r  a foam t e s t  nor a p o s i t i v e  p r e c i p i t i n  r e a c t io n
was g iv e n  on making a s o l u t i o n  from th e  s t a i n .  In the 
c a s e  o f  o ld  s t a i n s  so t r e a t e d ,  th e  albumen i s  probably  
more f i x e d  in  th e  s t a i n  and th e  p r o c e s s  o f  b o i l i n g  does 
n o t  e x t r a c t  i t  t o  such  an e x t e n t ,  p e r m it t in g  i t  to  come 
in t o  s o l u t i o n  w ith  normal s a l i n e  a f t e r  p ro lon ged  
s t e e p i n g .
T h is  r e s u l t  i s  o f  im portance in  th e  a p p l i c a ­
t i o n  o f  th e  p r e c i p i t i n  t e s t  i n  m e d ic o - le g a l  p r a c t i c e ,  
and so  f a r  a s  th e  w r i t e r  i s  aw are, i t  has n o t been  
commented upon in  p r e v io u s  com m unications.
F u rth er  t e s t s  were made w ith  b lood  s t a i n s  24 
h o u rs  o l d .  The s t a i n s  were Imposed upon washed w h ite
 ^ l i n e n  c l o t h ,  a s  th e  p r e v io u s  exp er im en ts  had been made
u s i n g  f r e s h  b lo o d  imposed upon new c l o t h  o b ta in ed
; d i r e c t  from th e  f a c t o r y .  I t  was thought e x p e d ie n t  to
: wash th e  c l o t h  p r io r  to  h av in g  th e  b lood  s t a i n s  Imposed
i  upon/
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upon i t ,  b e fo r e  c a r r y in g  out th e  f o l l o w i n g  t e s t s ,  in  
o rd e r  t o  e l im in a t e  th e  p o s s i b i l i t y  o f  th e  d r e s s in g  o f  
t h e  c l o t h  e x e r t i n g  any e f f e c t  upon th e  b lood  serum.
Each s t a i n  m easured li*' square and was b o i l e d  in  2oo o .o  
o f .  d i s t i l l e d  w a te r ,  f o r  r e s p e c t i v e l y  15 m in u t e s , 30 
m in u tes  and 6o m in u te s .  T h e r e a fte r  th e y  were s te e p e d  
i n  l o  0 . 0 . o f  normal s a l i n e  so t h a t  a s o l u t i o n  o f  b lood  
serum might be e f f e c t e d .
D u râtio n  o f  B o i l i n g . P r e c i p i t i n  R e a c t io n .
1 15 m in u t e s . Alm ost im p e r c e p t ib le  
haze a f t e r  tw en ty  
m in u te s .
2 30 I f
3 6o
The h a z e s  r e f e r r e d  t o  were so i n d e f i n i t e  t h a t  
th e  w r i t e r  would n o t  have record ed  them a s  p o s i t i v e  
r e a c t i o n s  in  a m e d ic o - le g a l  c a s e .
BXPBRIMEHTS WITH BLOCD STAINS WHICH HAVE BEEN 
BOILED WITH SOAP.
A^. The s t a i n s  were about 14 weeks o l d ,  were composed
o f  human b lo o d ,  and were upon w h ite  c o t to n  m a t e r ia l .
Each s t a i n  was p la c e d  i n  ICC o . o .  o f  d i s t i l l e d  w ater  to
w hich  5 g r a in s  o f  o a s t l l e  soap powder had been added.
The s t a i n s  were p la c e d  i n  t h e  w a te r  a f t e r  i t  had
a t t a i n e d  b o i l i n g  p o i n t .  S t a in s  m easuring 1" square
w ere u s e d .
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D u rât1 on 
o f  Boi l i n g .
Appearance o f  
S t a in  a f t e r  
Boi 11 n g .
Appearance  
o f  S o lu t io n  
o f  S t a i n .
P r e c ip i  -  
t i n  Re- 
a c t i  on.
1 5  m in u t e s . Very f a i n t  brown. 9
2 10 ?
!
3 15 Foam t e s t ?
4 20 If Alm ost S t a i n l e s s .
co u ld  not  
be a p p l ie d
9
5 25 IV 8 1 .  V . F t . S t a i n . on a c ­ 0
6 30 If
count o f  
th e  p r e ­
7
7 35 sen ce  o f ?
40
s o a p . Al 1 
s o l u t i  ons
?
u45 I f V . F t . Brown s t a i n  a t  edges  
o n ly .
showed a 
di s t i n c t
?
10 50 IV
h a z e .
?
11 55 I f One sma11 F t . 
Brown s t a i n  a t  
edge o n ly .
?
12 6o Very sm a ll  brown 
s t a i n  i n  c e n t r e .
?
The c a p i l l a r y  tu b e  method v/as used  i n  c a r r y ­
in g  out t h e  t e s t ,  a s  th e  e x t r a c t s  e x h i b i t e d  an 
a p p r e c ia b le  haze due to  th e  p r e se n c e  o f  soap i n  th e  
s t a i n s ,  on acco u n t o f  th e  v e 2?y narrovj lumen o f  th e  
c a p i l l a r y  t u b e ,  th e  f l u i d  when added showed o n ly  a v e r y  
t r i f l i n g  h a z e .  A f t e r  th e  a n t i  serum had been added and 
: an i n t e r v a l  o f  20  m inutes  had e la p s e d ,  th e  r e s u l t  in  
ea ch  tu b e  was n o ted  and compared w ith  a tu be  c o n ta in in g  
a s o l u t i o n  o f  th e  s t a i n  under ex a m in a tio n  w ith o u t  th e  
: a d d i t i o n  o f  th e  a n t i  serum . In  a l l  c a s e s  a v e r y  d e c id e d  
t u r b i d i t y  was shown and was v e r y  much g r e a t e r  th an  in  
t h e  u n tr e a te d  t u b e s .  This may have been due e i t h e r  to  
a p o s i t i v e  p r e c i p i t i n  r e a c t io n  g iv e n  by th e  b lood  serum
; l e f t /
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l e f t  I n  t h e  s t a i n  a f t e r  b o i l i n g ,  or t o  th e  I n t e r a c t i o n  
betw een  th e  a n t i  serum and th e  soap p r e s e n t .  In  o rd er  to  
d eterm in e  w h eth er  such  an I n t e r a c t i o n  ta k e s  p l a c e ,  a soap 
s o l u t i o n  c o n s i s t i n g  o f  2 g r s . o f  soap powder b o i l e d  In  
200  o . c .  o f  d i s t i l l e d  w a te r  was made, and t o  *5 o . o .  2 
drops o f  anti-hum an serum were added , th e  r e s u l t  b e in g  
c o n t r a s t e d  w ith  a s i m i l a r  u n tr e a te d  s o l u t i o n  o f  so a p .
I t  was found  t h a t  in  th e  f i r s t  tu b e  th e  haze v/as c o n v e r t ­
ed in t o  a t u r b i d i t y  c l o s e l y  re se m b lin g  a p o s i t i v e  
p r e c i p i t i n  r e a c t i o n .  A f t e r  24 hours a s l i g h t  sedim ent  
was s e e n  l y i n g  a t  th e  f o o t  o f  th e  t u b e s .  The u se  o f  
c a p i l l a r y  tu b e s  would appear t o  be th e  most s u i t a b l e  
method t o  adopt when th e  f l u i d s  under t e s t  e x h i b i t  a 
haze w h ich  cannot s u i t a b l y  be removed or when i t  i s  
I n e x p e d ie n t  t o  remove i t  f o r  th e  r e a so n  a lr e a d y  
menti cried .
A f t e r  24 hours a l l  th e  tu b e s  t r e a t e d  w ith  a n t i -  
serum showed a d e f i n i t e  f l o c o u l e n t  d e p o s i t ,  w hereas i t  
was a b se n t  i n  a l l  th e  tu b e s  c o n ta in in g  th e  s o l u t i o n  
w ith o u t  th e  a d d i t io n  o f  a n t i  serum.
B j. The s t e e p in g s  were n e x t  exam ined. A l l  were v e r y  
c lo u d y  and c o n ta in e d  c u r d le d  so a p . C e n t r i f u g a l i s i n g  
t h e s e  was found t o  be u s e l e s s  a s  was f i l t r a t i o n  by 
o r d in a r y  f i l t e r  p a p e r ,  sh a k in g  w i th  m eth y la ted  e th e r  
was v a l u e l e s s .  E f f o r t s  were made t o  p r e c i p i t a t e  th e  
soap  w i t h  s a l i n e .  The s t e e p in g s  were in  each  c a se  
d i l u t e d  t o  tw ic e  t h e i r  o r i g i n a l  b u lk  w ith  s a l i n e  and 
l e f t  f o r  24 h o u r s .  The s a l i n e  caused  th e  soap to  form 
i n t o  a shreddy curd and t h e r e a f t e r  by means o f  f i l t r a ­
t i o n  w i t h  o r d in a r y  f i l t e r  paper th e  s o l u t i o n s  were  
examined and found t o  be i n  th e  f o l l o w i n g  c o n d i t i o n s : -
1 .  Hot ren d ered  s u f f i c i e n t l y  c l e a r  f o r  th e  a p p l i c a t i o n  
o f  th e  p r e c i p i t i n  t e s t .
2 . d o .
3 . d o .
4 .  Very f a i n t  h a z e .
5 . d o .
6 . d o .
7 . /
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7 .  V ery f a i n t  h a z e .
8 . d o .
9 .  Hct a v a l 1ah l e ,
10 . V ery f a i n t  h a z e .
1 1 . d o .
1 2 . do .
P o r t io n s  o f  4 - 8  and 10-12  were t r a n s f e r r e d  to  
c a p i l l a r y  t u b e s ,  a n t i  serum was added and th e  t u r b i d i t y  
produced was c o n t r a s t e d  w i t h  th e  f l u i d  In  th e  tu b e s  
c o n t a in in g  s i m i l a r  u n tr e a te d  s o l u t i o n s .  The r e s u l t s  
were such  t h a t  a l th o u g h  a  d ef in ite  haze or  t u r b i d i t y  was 
p rod u ced , h a v in g  regard  t o  th e  p r esen ce  o f  so a p ,  a 
p o s i t i v e  o p in io n  c o u ld  n ot be e x p r e s se d  by th e  w r i t e r .
As th e  r e s u l t  o f  t h e s e  ex^)erlments I t  was 
found  t h a t  when d e a l i n g  w ith  s t a i n s  t h a t  have been  
s u b j e c t e d  t o  a s t r o n g  soap s o l u t i o n ,  g r e a t  d i f f i c u l t y  i s  
e n c o u n te r e d  in  a p p ly in g  th e  t e s t  and in  i n t e r p r e t i n g  
a c c u r a t e l y  th e  r e s u l t s  o b ta in e d ,  on accou n t o f  th e  h a zes  
i n  t h e  s o l u t i o n  due t o  th e  d i f f i c u l t y  i n  o b t a in in g  
com p le te  p r e c i p i t a t i o n  o f  th e  so a p .  I f  a l l  th e  soap be 
rem oved, th e r e  i s  a v e r y  r e a l  danger o f  rem oving a la r g e  
amount o f  th e  b lo o d  serum from th e  s t a i n  which may be in  
t h e  s o l u t i o n .
^ 2 - E xp erim en ts  t o  n o te  th e  e f f e c t s  o f  b o i l i n g  b lo o d ­
s t a i n e d  w h ite  c o t t o n  c l o t h  w ith  2 g r s .  c a s t i l e  soap  
pow der. P o r t io n s  o f  s t a in e d  c l o t h  m easuring  1 s q . in c h  
were u s e d .  Bach s t a i n  was b o i l e d  i n  200 c . c .  d i s t i l l e d  
w a t e r .  The age o f  th e  b lo o d  s t a i n s  was 24 h o u r s .  A l l  
s t a i n s  were put i n  t h e  w a ter  a f t e r  b o i l i n g  p o in t  was 
r e a c h e d .
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D u r a t io n  o f  
B o i l i n g .
Appearance  
o f  S t a i n .
Appearance  
o f  s o l u t i o n  
o f  S t a i n .
P r e c i p i ­
t i n  Re­
a c t !  on.
1 5 m in u t e s . Brown. V . F t . h a z e . ?
2 1C' 9
3 15 9
4 20 9
5 25 9
6 30
9
7 35
?
8 40
9
9 45 ?
10 50 ?
11 55 ?
12 60 9
In t h e s e  e x p er im en ts  s i m i l a r  r e s u l t s  were 
o b ta in e d  on th e  a d d i t i o n  o f  anti-hum an serum, namely an 
in c r e a s e  i n  th e  e x i s t i n g  h a z e .  In  v ie w  o f  th e  f a c t  th a t  
a p o s i t i v e  p r e c i p i t i n  r e a c t i o n  was n o t  o b ta in e d  in  
e x t r a c t s  from s i m i l a r  s t a i n s  b o i l e d  w ith o u t  so a p , i t  was 
th o u g h t  t h a t  th e  in c r e a s e  in  th e  haze on th e  a d d i t io n  o f  
a n t i  serum was due e n t i r e l y  to  th e  i n t e r a c t i o n  betw een  
th e  soap and th e  a n t is e r u m , r a t h e r  th an  th e  p r e se n c e  o f  
b lo o d  serum . In  th e  in s t a n c e  o f  th e  o ld e r  s t a i n s ,  s in c e  
a p o s i t i v e  r e a c t i o n  was o b ta in e d  from th e  e x t r a c t s  made 
from them a f t e r  b o i l i n g ,  i t  was th ou gh t t h a t  th e  e x te n t  
o f  th e  haze produced  by th e  b lo o d  serum, when th e  
r e l a t e d  a n t i  serum was added to  th e  soapy e x t r a c t s ,  was 
masked by th e  haze produced by th e  I n t e r a c t i o n  o f  th e  
soap and a n t i  serum .
B2 . E x p e r im e n ts /
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'B2 . E xp er im en ts  con d u cted  w ith  th e  s t e e p i n g s  in  experim ent
  A 2 .
m  t h is  case th e r e  b e in g  o n ly  two f i f t h s  o f  th e  amount o f  the 
soap u se d  i n  exp erim en t th e  s o l u t i o n s  were c l e a r e r  
a lth o u g h  a f t e r  tr e a tm e n t  w ith  s a l i n e  a s  i n  experim ent  
p r a c t i c a l l y  a l l  shewed a f a i n t  i ia z e . On th e  a d d i t io n  
o f  2 drops o f  an ti-hum an serum, a l l  when c o n tr a s te d  w ith  
c o n t r o l s  o f  th e  r e s p e c t i v e  s t e e p i n g s ,  were found t o  have  
y i e l d e d  a t u r b i d i t y  w i t h in  20 m in u te s .  (V ide photograph  
Ho- 2 0 ) .  The photograph r e f e r r e d  t o  shows th e  r e a c t io n  
i n  th e  s t e e p i n g s  o f  s t a i n s  H os. 8 , 10 , 11 and 12 .
Taken 24 hours a f t e r  th e  r e a c t i o n .
O b s e r v a t io n s . Having r e g a r d  t o  th e  f a c t s  t h a t  th e  
s o l u t i o n s  t e s t e d  were hazy  o r i g i n a l l y ,  and t h a t  a n t i s e r u i  
when added t o  a soap  s o l u t i o n ,  d e f i n i t e l y  i n c r e a s e s  th e  
h aze  w ith o u t  th e  p r e se n c e  o f  b lo o d  serum, t h e s e  
e x p er im en ts  i n d i c a t e  t h a t  th e  p r e se n c e  o f  soap would  
r a t h e r  c o n t r a in d ic a t e  th e  u se  o f  th e  p r e c i p i t i n  t e s t  or  
i f  i t  i s  u s e d ,  t h a t  th e  r e s u l t s  o b ta in e d  shou ld  p erm it  
o f  g r e a t  l a t i t u d e  In  t h e i r  i n t e r p r e t a t i o n .
U hlenhuth^ , found t h a t  wash w ater  c o n ta in in g  
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soap  gave p o s i t i v e  r e a c t i o n s  w ith  anti-hum an serum when 
i t  c o n ta in e d  human b lo o d .  Graham-Smith^g, how ever, d id  
n o t  co n firm  t h i s  f i n d i n g .  So f a r  a s  th e  w r i t e r  I s  aware 
no s y s t e m a t i c  r e s e a r c h  on t h e s e  l i n e s  has been  p r e v io u s 1" 
c o n d u c te d .
m i .
EXPERI11EHTS WITH BLOCD STAIHS OH VARIOUS WOODS IN 
 RET.ATTQH TO THE
The o b j e c t s  f o r  i n v e s t i g a t i n g  b lo o d  s t a i n s  
imposed upon wood, were t o  t e s t  th e  p a r t  p la y e d  by th e  
a c i d s  d e r iv e d  from c e r t a i n  w oods, t o  a s c e r t a i n  w hether  
t h e  b lo o d  s t a i n s  co u ld  be r e a d i l y  d i s s o l v e d  from th e  
wood on w hich  t h e y  were im posed , and f i n a l l y  t o  n o te  
w h eth er  th e  p r o c e s s  ad op ted  i n  t h e  p r e p a r a t io n  o f  th e  
w ood, from th e  crude s t a t e  t o  t h e  f i n i s h e d  p o l i s h e d  
s t a t e ,  might have an a d v e r se  e f f e c t  upon th e  p r e c i p i t i n
t e s t .
The/
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The w r i t e r  was a b le  t o  o b ta in  th e  f o l l o w i n g  
sam ples  o f  wood f o r  exp erim en t : -
1 .' Oak.
2 ,  A s h .
3 • B e e o h .
4 .  B ir c h .
5 . .Mapl e .
6 . Meîhogany.
7 .  P i n e .
8 . Teak.
9 .  W alnut.
Sam ples o f  ea ch  o f  th e  woods , In  th e  crude
!
I s t a t e ,  th e  p a r t  s t a i n e d  p r o c e s s ,  and th e  f i n i s h e d  or  
I p o l i s h e d  s t a t e  were u s e d ,  numbering In  a l l  tw e n ty  sev e n  
I s p e c im e n s .
I  I t  was r e a l i s e d  t h a t  t h e s e  d id  n o t c o m p le te ly
r e p r e s e n t  a l l  w oods, but i t  was th o u g h t  t h a t  t e s t s  w ith  
t h i s  c o l l e c t i o n  sh o u ld  p r o v id e  s u f f i c i e n t  d a ta  on th e  
p o in t s  d e s ir e d  f o r  p r a c t i c a l  everyd ay  p u r p o se s .  F r esh  
human b lo o d  v^as a p p l ie d  t o  th e  s u r fa c e  o f  th e  tw en ty  sev en  
! sam ples  and t h i s  was a l lo w e d  t o  dry f o r  s e v e n ty  two h o u r s ,
! so  t h a t  th e  b lo o d  might have t im e  to  so a k  in t o  th e  wood.
B lo o d - s t a in e d  sh a v in g s  from each  o f  th e  tw en ty  
; s e v e n  sam ples  were t a k e n .  No s p e c ia l  s o lv e n t  was u se d ,
I  normal s a l i n e  b e in g  em ployed. A s o l u t i o n  o f  b lood  serum 
; was r e a d i l y  o b ta in e d  i n  a few  h o u r s ,  a l th o u g h  a l l  were  
: a l lo w e d  t o  s t e e p  f o r  a  p e r io d  o f  tw en ty  fo u r  h o u r s ,  so  
; t h a t  any ch em ica l  a g en t  i n  th e  wood might a l s o  be f u l l y  
brought i n t o  s o l u t i o n .  A l l  s o l u t i o n s  were c e n t r i f u g e d  
a f t e r  th e  s h a v in g s  had been  s e p a r a te d .  The s t r e n g t h  o f  
! d i l u t i o n  was a p p r o x im a te ly  1 : 10C.  H a lf  a c u b ic  c e n t im e t e r  
: o f  each  p rep ared  s o l u t i o n  was t r a n s f e r r e d  t o  a s e p a r a te  
: D ryer  t u b e ,  so  t h a t  th e  p r e c i p i t i n  t e s t  might be a p p l ie d  
land th e  r e s u l t s  p h otograp h ed . As w i l l  be se e n  from th e  
; t a b l e  appended b e lo w , th e  o n ly  s o l u t i o n s  w hich were found  
I t o  be a c i d  i n  r e a c t i o n  w e r e : -  
1( 1 ) /
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(1 )  Oak, In  i t s -  crude and f i n i s h e d  s t a t e s ,  but n ot in  
i t s  p a r t  s t a i n e d  c o n d i t i o n .
(2 )  A sh i n  i t s  p a r t  f i n i s h e d  c o n d i t i o n .
( 3 ) Walnut i n  each  o f  i t s  th r e e  s t a g e s ,  c r u d e ,  p a r t  
f i n i s h e d ,  and f i n i s h e d .
Two drops o f  an ti-hum an serum were added to  
ea ch  t u b e ,  a f t e r  th e  c o n te n ts  had been n e u t r a l i s e d  
when n e c e s s a r y  w i th  a 10^ ammonium h y d ra te  s o l u t i o n .
A l l  th e  r e a c t i o n s  were p o s i t i v e  a f t e r  t e n
m in u tes  .
(T ab le  o v e r l e a f )  .
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F u r th e r  t e s t s  were c a r r ie d  out t o  n o te  th e  p a r t  
p la y e d ,  I f  a n y ,  by th e  a d d  upon th e  I n t e n s i t y  o f  th e  
p r e c i p i t i n  R e a c t io n .  The I n t e n s i t y  o f  th e  r e a c t i o n  g iv e n  
above w i t h  th e  o r i g i n a l l y  a d d  s o l u t i o n s  w hich  had been  
n e u t r a l i s e d ,  was c o n t r a s t e d  w ith  th e  r e a c t i o n  o b ta in e d  
when In  t h e i r  o r i g i n a l  a d d  s t a t e .  I t  was found t h a t  
i when th e  t e s t s  were c a r r i e d  out w ith o u t  n e u t r a l i s a t i o n ,  
j more d e f i n i t e  t u r b i d i t i e s  were g iv e n ,  more e s p e c i a l l y  In 
; t h e  c a se  o f  Cak 1 and 3  •
i R e s u l t s  . The w r i t e r  a g r e e s  g e n e r a l l y  w i th  B l o n d i who 
I found  t h a t  rough , p o l i s h e d ,  o r  v a r n is h e d  woods had no 
I e f f e c t  on th e  b lood  s t a i n s  t h a t  had been  d e p o s i t e d  on 
: them . He, how ever , n o te d  t h a t  when an a d d  r e a c t io n  I s  
I n o t  n e u t r a l i s e d  b e fo r e  t h e  t e s t  I s  p erform ed , a g r e a t e r  
I t u r b i d i t y  I s  p rod u ced . He a d v i s e s  t h a t  b e fo r e  th e  t e s t  
; I s  c a r r i e d  out th e  e x t r a c t s  sh o u ld  be In  a n e u tr a l  s t a t e .
I The w r i t e r ' s  e x p er im en ts  were conducted  w ith  a v iew  to  
i  r e - l n v e s t i g a t i n g  f u l l y  t h i s  f i e l d  o f  work, on a cco u n t o f  
i th e  fr e q u e n c y  w ith  w hich  b lo o d  s t a i n s  upon wood a re  
I e n co u n tered  m e d i o o - l e g a l l y , and h a v in g  regard  t o  th e  
: l a c k  o f  u n i fo r m ity  In  th e  o p in io n s  e x p r e s se d  by p r e v io u s  
I  w r i t e r s  t o u c h in g  th e  p a r t  p la y ed  by an a d d  r e a c t i o n  In  
I t h e  a p p l i c a t i o n  o f  th e  p r e c i p i t i n  t e s t .
X X I I I .
FXPBRIMENTS WITH BLOOD STAIKED VARIOUS LEATHERS 
IK THE DIFFERENT STAGES OF THEIR mifUFACTURS IN
I  RFLATION TO THB PRECIPITIN TEST .
I  In  ord er  t o  d eterm in e th e  e f f e c t ,  i f  a n y , o f
I  l e a t h e r  upon t h e  p r e c i p i t i n  t e s t ,  e x p er im en ts  were 
1 conducted  u s in g  sam ples o f  l e a t h e r  In  I t s  v a r io u s  s ta g e s  
I o f  m an u factu re . The v a r io u s  s t a t e s  o f  l e a t h e r  used  were 
I V e g e ta b le  spanned L e a t h e r .
G-rouc 1 . L e a th e r  a f t e r  I t  has  been  ta n n e d .
(a )  Tanned h id e  -  b e l l y .
(b) Tanned Kip .
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group 2 . L e a th e r  a f t e r  t a n n in g ,  but a f t e r  b e in g  s p l i t  
f o r  u se  In th e  u p p ers  o f  b o o ts  .
(a )  Kip a f t e r  s p l i t t i n g .  
group 3 .
(a )  F le s h  s i d e  o f  s p l i t ,  
groups 2 and 3  a re  equ«l t o  group 1 . 
group 4 . L e a th e r  a f t e r  d y e in g .
(a )  Kip g r a in  d y ed .  
group 5 .  F in i s h e d  b la c k  and brown l e a t h e r s .
(a )  L in in g  k ip  s i d e .
(b )  C oloured  h id e  b e l l y  ( c h o c o la t e  c o l o u r ) .
(0 )  C oloured  h id e  b e l l y  (brown c o l o u r ) .
(d) W illow  k ip  s id e  ( c h o c o la t e  c o l o u r ) .
( e )  W illow  k ip  s id e  ( f i n i s h e d )  r i c h  c h o c o la te  
c o l o u r .
( f )  Box k ip  ( f i n i s h e d )  b la c k .
(g) C oloured h id e  b e l l y  (brow n ).
(h ) Hide b e l l y  -  g r a in  dyed ( l i g h t  y e l l o w ) .
( 1 ) Hide b e l l y  a f t e r  s p l i t t i n g  ( p u t t y  c o l o u r ) .
( j )  Hide sh o u ld e r  ( c h o c o la t e  c o l o u r ) .
(k) g o ld e n  brown -  k ip  s id e  (m arled brown) .
B . Chrome Tanned L e a t h e r .
S ta g s  ( 1) .
L e a th e r  a f t e r  t a n n in g .
S ta g e  ( 2 ) .
L ea th er  a f t e r  d y e in g .
S ta g e  ( 3 ) .
F in i s h e d  medium l e a t h e r .
a .
(1 )  P a te n t  c o l t  l e a t h e r .
(2 )  P a te n t  enamel c a l f .
(3 )  Box c a l f .
(4 )  g la c e  k i d .
(5 )  W illow c a l f .
S t a in s  o f  human b lo o d  were Imposed upon a l l  
t h e s e  sam ples o f  l e a t h e r .  The u n d e m o te d  r e s u l t s  were  
o b t a in e d ,  w ith  b lo o d  s t a i n s  24  h ou rs  o l d ,  when a n t l -  
human/
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human serum was u s e d .  The d i l u t i o n s  u sed  were e s t im a te d  
a t  1; ICC .
A . V e g e ta b le  Tanned L e a t h e r .
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Chrome Tanned L e a t h e r .
S ta g e  2
S tage  3
( 1 )
( 2 )
( 3 )
(4);
( 5 )
N ature o f  
L e a t h e r .
A rea  o f  
L e a th er  
u s e d .
Reac­
t i o n  
w ith  
L itm u s .
R eao-  
t l  on 
wl t h  
I n d i ­
c a to r .
Colour  
• o f  
s o l u -  
bl o n .
A f t e r  I 
n e u t -  i 
r a i l s a -  
t l  on 
and
f l  I t r a -
t l  on .
P r e c l -  
p l t l n  
R eac-  
t l  o n .
A f t e r  
ta n n ln g ;  
p a le  
b lu e  .
s u r f a c e
shaving .
F a i n t ­
l y  a c id
Pal n t -
ly
a c i d .
Tellow  
o l e a r .
C le a r . D i s ­
t i n c t  
h a z e .
A f t e r  
d y e in g :  
m. brow n.
N e u t . N e u t . C lear
l i g h t
brown.
C le a r . V. F t .  
h a z e .
pi nl sh ed  
medium 
l e a t h e r :  
dark  
brow n.
S i .
a c i d .
S i  . 
a c i d .
Ft . 
y e llo w  
c l e a r .
C le a r . V. F t .  
h a z e .
C.
N ature o f  
L e a th e r .
Area o f  
L e a th e r  
u s e d .
R eac-  
t l  on 
w ith  
Litmus
Reac­
t i o n  
w it h  
. I n d i ­
c a to r
Colour  
o f  
s o l u ­
t i  o n .
A f t e r  
n e u t ­
r a l  1 s a -  
t l  on 
and 
f 1 I t r a -  
t l  o n .
P r ec l  -  
p l t l n  
Reac­
t i o n  .
P a te n t
c o l t
( g la c e )
Exol sed , Neut . N e u t . C l e a r . C l e a r . D i s ­
t i n c t  
haze .
P a te n t  
enamel 
c a l f .
s u r fa c e
sh a v in g
I f Ft . 
haze .
Box c a l f  -
I f f t F t . 
haze .
g i a ce  kl d , Bxcl sed
I f D i s ­
t i n c t  
haze .
Wl 1 low 
c a l f  
brown.
S u r fa c e
sh a v in g
I f S i .  
h a z e .
The s o l u t i o n s  whl oh gave an a o ld  r e a c t i o n  were  
n e u t r a l i s e d ,  w i t h  a weak s o l u t i o n  o i  ammonium h y d r a te .  
Bach/
90.
Each p o r t io n  o f  l e a t h e r  was s t e e p e d  In  normal 
s a l i n e  f o r  t h r e e  h o u r s .  The r e s u l t  o f  th e  p r e c i p i t i n  
r e a c t i o n  was r e c o r d e d  a f t e r  tw e n ty  m in u te s .
The r e s u l t  o b ta in e d  In  A . Croup 1 .  (a )  was 
r a t h e r  u n iq u e .  A lm ost a s  soon  a s  t h e  anti-hum an serum  
was added t o  th e  d i l u t i o n ,  a d en se  ooagul.um appeared  a t  
t h e  b a se  o f  th e  t u b e .  . About f i v e  t o  e i g h t  m inutes  
t h e r e a f t e r  a t u r b i d i t y  appeared  i n  th e  m iddle t h i r d  o f  
t h e  column o f  f l u i d .  I t s  ap p earan ce  b e in g  s u g g e s t i v e  o f  
a p o s i t i v e  p r e c i p i t i n  r e a c t i o n .  The coagulum was 
r eg a rd ed  a s  b e in g  due t o  th e  p r e s e n c e  o f  a  la r g e  amount 
o f  t a n n in  In th e  l e a t h e r .  The a b se n c e  o f  a p o s i t i v e  
r e a c t i o n  cannot be a cc o u n te d  f o r  In  Croups 3 and 4 .  I t  
a p p e a r s ,  t h e r e f o r e ,  t h a t  w i t h  t h e s e  th r e e  e x c e p t io n s  
t h e  p r e c i p i t i n  r e a c t i o n s  o b ta in e d  were normal In  
c h a r a c t e r ,  and t h a t  th e  l e a t h e r s  u se d  d id  n o t  I n t e r f e r e  
w ith  th e  t e s t .  A la r g e  amount o f  t a n n in  I s  o f  co u rse  
l i k e l y  t o  g iv e  r i s e  t o  e r r o r  In  th e  i n t e r p r e t a t i o n  o f  
r e s u l t s ,  a s  I t  u n d ou b ted ly  g i v e s  r i s e  t o  c lo u d in g ,  and 
c a r e  must be e x e r c i s e d  and c ir c u m sta n c e s  c o n s id e r e d  
c a r e f u l l y ,  b e fo r e  an exam iner sh o u ld  e x p r e s s  a p o s i t i v e  
o p in io n  r e g a r d in g  th e  so u rce  o f  th e  b le e d  In  a s t a i n  
upon l e a t h e r ,  a s  t h e  r e s u l t  o f  t h e  a p p l i c a t i o n  o f  th e  
p r e c i p i t i n  t e s t .  B l o n d i f ound t h a t  p l a i n  or c o lo u r e d  
l e a t h e r  had no e f f e c t  upon th e  b lo o d  s t a i n s  d e p o s i t e d  on
th e m .
Craham-Smlth and ganger^^ r e p o r t  t h a t  ta n n in  
p ro d u ces  a marked c lo u d in g  even  In  d i l u t i o n s  o f  1 . 1 ,0 0 0  
and th u s  I n t e r f e r e s  w ith  th e  t e s t .  They c o n s id e r  th a t  
when la r g e  q u a n t i t i e s  o f  t a n n in  a re  p r e s e n t  th e  a p p l i c a ­
t i o n  o f  th e  p r e c i p i t i n  t e s t  I s  ren d ered  I m p o s s ib le ,  
b ec a u se  o f  th e  o lu u d in g  produced by t h e  p r e se n c e  o f  
t a n n i n ,  masking th e  t r u e  r e a c t i o n .  The w r i t e r  b e l i e v e s  
t h i s  I s  th e  f i r s t  tim e t h a t  su ch  e x t e n s iv e  ex p er im en ts  
have been  made upon l e a t h e r s  In  t h e i r  v a r io u s  s t a g e s  o f  
m anufacture .
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. SUmîAËY GP OBSERVATIONS AND ' CONCLUSIONS.
As t h e  r e s u l t  o f  a p p l y i n g  t h e  p r e c i p i t i n  t e s t  
on a p p r o x im a te ly  a th ousan d  o c c a s i o n s ,  about s e v e n  
hundred t e s t s  o f  which  have been d e s c r i b e d  In  t h i s  
c o n t r i b u t i o n ,  t h e  f o l l o w i n g  o p i n i o n s  have been a r r i v e d  
a t .
The I n v e s t i g a t i o n s  made, have conf irmed t h e  
work o f  p r e v i o u s  I n v e s t i g a t o r s  r e g a r d in g  t h e  s p e c i f i c i t y  
o f  t h e  p r e c i p i t i n  t e s t  from t h e  m e d l c c - l e g a l  a s p e c t .
The o n ly  a n t i  serum u se d  whl ch y i e l d e d  c o n f l i c t i n g  r e s u l t s
was t h a t  o f  t h e  h o r s e  .
The t e s t  I s  an  e x t r e m e ly  d e l i c a t e  one h a v in g
y i e l d e d  p o s i t i v e  r e s u l t s  f o r  human b lo o d  when a d i l u t i o n
o f  1 :2 c  ,CCO o f  a t h i r t y  s eoon dth  o f  a drop was u s e d .  The
t e s t  may be u sed  when o n ly  a v e r y  sm a l l  amount o f  b lo o d  
serum I s  a v a i l a b l e  , p r o v id e d  t h a t  s u i t a b l e  t e c h n iq u e  I s  
em ployed .
I t  may s a f e l y  be a p p l i e d  when a s t a i n  I s
composed o f  a m ixture  o f  d i f f e r e n t  b l o o d s ,  each  b lo o d
I n  t h e  m ixture  r e s p o n d in g  t o  I t s  r e l a t e d  a n t i  serum. A 
l e s s  d e f i n i t e  r e a c t i o n ,  h o w e v e r , I s  o b ta in e d  when an  
a n t i  serum r e l a t e d  t o  one o f  t h e  b lo o d s  In t h e  m ixture  
I s  added ,  t h a n  when a r e l a t e d  a n t i  serum I s  added t o  a
d i l u t i o n  o f  a s i n g l e  b l o o d .
For m e d l c c - l e g a l  p u rp o se s  I t  I s  t h e  most 
d e l i c a t e  and r e l i a b l e  t e s t  f o r  p r o v in g  t h e  o r i g i n  o f  
b lo o d  serum p r e s e n t  In  a  s t a i n ,  but f a u l t l e s s  t e c h n iq u e  
and c o n s i d e r a b l e  e x p e r i e n c e  a r e  e s s e n t i a l s  In e a r n i n g  
c u t  th e  t e s t ,  and In  I n t e r p r e t i n g  t h e  r e s u l t s  y i e l d e d .
The p r e c i p i t i n  r e a c t i o n  may be o b ta in e d  w i t h  
b lo o d  serum w hich  has  been d r i e d  f o r  many y e a r s .
The foam t e s t  I s  o n l y  o f  v a l u e  In  e s t i m a t i n g  
t h e  l i k e l y  s t r e n g t h  o f  a d i l u t i o n  In  a v e r y  approximate  
manner, t h e  c o l o u r  t e s t  b e in g  v a l u e l e s s  In  t h i s  r e s p e c t .
T*he u se  o f  c o v e r  g l a s s  or  m icroscope  s l i d e  
t r o u g h s  i s  o f  s e r v i c e  In  p er fo rm in g  t h e  t e s t  when o n ly  
a s m a l l  amount o f  t h e  f l u i d  I s  a v a i l a b l e .
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C a p i l l a r y  t u b e s  may be u s e f u l l y  employed In  
o a s e s  where a  v e r y  s l i g h t  haze I s  p r e s e n t  In  th e  s o l u t i o n  
u nder t e s t  whloh oannot s u i t a b l y  be removed, or when I t  
I s  I n e x p e d ie n t  t o  do s o ,  on a cco u n t  o f  rem oving a l s o  the 
b lo o d  serum p r e s e n t ,  a s  th e  lumen o f  th e  tu b e  I s  so  
narrow t h a t  p r a c t i c a l l y  no haze I s  n o t i c e a b l e .  In  t h i s  
way th e  r e s u l t s  o f  a  p o s i t i v e  r e a c t i o n  a r e  n o t a p p re ­
c i a b l y  v i t i a t e d .  I t  I s ,  how ever , w is e  t o  employ a 
c o n t r o l  o f  f l u i d  s i m i l a r  t o  t h e  one under t e s t  but  
w ith o u t  th e  a d d i t i o n  o f  a n t i  serum, b e fo r e  d e te r m in in g  
t h e  r e s u l t s  o f  th e  t e s t  .
The u se  o f  an  o p a le s c e n t  a n t i  serum I s  a d an ger ,  
on a cco u n t  o f  I t s  s im u la t in g  a p o s i t i v e  r e a c t i o n .  Such  
serum w i l l  produce a t u r b i d i t y  In  a l l  s o l u t i o n s  o f  b lood  
serum t o  w hich  I t  I s  added .
The b e h a v io u r  o f  a n t i - h o r s e  serum was e x t r a ­
o r d in a r y  and y i e l d e d  c o n f l i c t i n g  r e s u l t s .  When added t o  
human b lo o d  n e u t r a l  In  r e a c t i o n ,  th e  p r e c i p i t i n  t e s t  was 
n e g a t i v e .  When a p p l ie d  t o  human b lo o d ,  n e u tr a l  In  
r e a c t i o n ,  whloh had been  ex p osed  t o  dry h e a t  o f  100°G. 
f o r  one h o u r ,  a  n e g a t iv e  r e s u l t  was o b t a in e d .  When 
a p p l i e d  t o  human b lo o d  which was a c id  In  r e a c t i o n  a 
p o s i t i v e  r e a c t i o n  was g iv e n .  P o s i t i v e  r e a c t i o n s  were 
o b ta in e d  when p i g ,  o x ,  and sheep  b lo o d s  were t r e a t e d  w ith  
a n t i - h o r s e  serum, a l th o u g h  th e  r e a c t i o n  o f  th e  b lo o d s  was 
n e u t r a l .  When th e  above ex p er im en ts  were r e p e a te d  u s in g  
p ig  a n t i  serum, a  p o s i t i v e  r e a c t i o n  was o n ly  produced In  
t h e  c a se  o f  p ig  b lo o d .  The w r i t e r  cannot e x p la in  t h e s e  
r e s u l t s ,  a s  th e  serum u se d  was In  e x c e l l e n t  c o n d i t io n  and 
th e  te c h n iq u e  was c a r e f u l  and th o r o u g h .
An a c id  r e a c t i o n  I n c r e a s e s  th e  i n t e n s i t y  o f  th e  
I p r e c i p i t i n  t e s t ,  and s im u la te s  a  p o s i t i v e  r e a c t i o n  when 
: a n t is e r u m  I s  a p p l i e d  t o  an u n r e la te d  b lo o d .  When th e  
i s o l u t i o n  o f  t h e  s t a i n  I s  s t r o n g l y  a c i d ,  a p o s i t i v e  
; r e a c t i o n  w i th  ox b lo o d  and a n t i - o x  serum was g iv e n  o n ly  
w i t h  a d i l u t i o n  o f  1 :1 0 0 .  A v e r y  s t r o n g ly  a d d  r e a c t io n  
ap p ea rs  t o  d e s t r o y  th e  t e s t ,  In  d i l u t i o n s  above 1 . 1 0 0 . 
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A l k a l i n i t y  d e c r e a s e s  th e  i n t e n s i t y  o f  th e  p r e c i p i t i n  
t e s t  and when t h e  r e a c t i o n  i s  s t r o n g l y  a l k a l i n e ,  th e  
r e a c t i o n  i s  d e s t r o y e d .  A n e u t r a l  r e a c t i o n  t h e r e f o r e  I s  
e s s e n t i a l  b e fo r e  a p p ly in g  t h e  t e s t ,  I f  r e l i a b l e  and 
s a t i s f a c t o r y  r e s u l t s  a r e  t o  be o b t a in e d .  I t  would appear  
t h a t  th e  I n t e r f e r e n c e  w ith  th e  t e s t ,  by a c i d s  and a l k a l i s  
I s  due t o  t h e i r  a c t i o n  upon t h e  b lo o d  serum In  th e  s o l u ­
t i o n  and n o t  upon t h e  a n t i  serum a p p l i e d .
E x t r a c t s  o f  b lo o d  s t a i n s  from woods and  
: l e a t h e r s ,  on a cco u n t  o f  th e  a c i d  r e a c t i o n  w hich  may be 
I  p r e s e n t ,  sh o u ld  a lw ays  be n e u t r a l i s e d  b e fo r e  a p p ly in g  th e  
: a n t i  serum .
There I s  a danger o f  e n c o u n te r in g  a s im u la te d  
i p o s i t i v e  r e a c t i o n  In  b lo o d  s t a i n s  e x t r a c t e d  from l e a t h e r ,  
i  on a cco u n t  o f  t h e  p r e se n c e  o f  a  la r g e  amount o f  ta n n in  
w h ich  w i l l  produce a c lo u d  w i th  any a n t i  serum . Care and 
I  c o n s id e r a t i o n  a re  e s s e n t i a l s  b e f o r e  an exam iner e x p r e s s e s  
i an o p in io n  a s  t o  th e  so u rce  o f  b lo o d  s t a i n s  found upon 
! l e a t h e r ,  i f  an a p p r e c ia b le  amount o f  ta n n in  I s  p r e s e n t  
i In  th e  s o l u t i o n  o f  b lo o d  serum o b ta in e d  from th e  s t a i n .
I B lood  s t a i n s  exp osed  t o  dry h e a t  o f  lOC^O. f o r
! one , two , or  t h r e e  h o u r s , y i e l d  a s o l u t i o n  o f  b lo o d  serum 
; w i t h  normal s a l i n e  and th e  p r e c i p i t i n  t e s t  i s  not  
I  I n t e r f e r e d  w i t h .  Exposure o f  a b lo o d  s t a i n  t o  a 
i tem p era tu re  o f  ICOOC. and r a i s e d  t o  2C0 OC- d id  n ot  
I  i n t e r f e r e  w ith  th e  r e a c t i o n ,  a l th o u g h  a s o l u t i o n  o f  th e  
1 serum was more d i f f i c u l t  t o  o b t a in .  Exposure o f  b lo o d  
I s t a i n s  t o  130°C . f o r  15 m in u te s ,  150°C- f o r  15 m in u t e s ,
! 180°C. f o r  15 m in u te s ,  and 200^ 0 . f o r  2 m in u tes  y i e l d e d  
l a  s o l u t i o n  o f  b lo o d  serum a f t e r  s t e e p i n g  In  s a l i n e  f o r  
! 72 h o u r s .  Exposure o f  b lo o d  s t a i n s  t o  a tem p eratu re  o f  
Il^&OQ. and 140^0. f o r  l i  h o u r s ,  150°C . f o r  i  hour and 
j l 6o^C. f o r  q u a r te r  o f  an hour d id  n o t  v i t i a t e  th e  t e s t ,  
j B lood  s t a i n s  24 h ours o ld  when s te e p e d  In c o ld
I w a te r  f o r  from 15  m in u tes  t o  5 h o u r s ,  s t i l l  gave a 
I  p o s i t i v e  r e a c t i o n ,  a s  d id  th e  w a ter  In w hich  t h e y  were 
i s t e e p e d ,  th e  I n t e n s i t y  o f  th e  r e a c t i o n  In th e  c a se  o f  
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t h e  s t a i n s  becom ing l e s s  th e  lo n g e r  th e  s t a i n  was 
s t e e p e d  and g r e a t e r  In  t h e  c a s e  o f  th e  s t e e p i n g s .  The 
above r e s u l t s  were co n f ir m e d ,  u s in g  s t a i n s  e i g h t  or n in e  
w eeks o l d ,  but t h e s e  s t a i n s  a p p a r e n t ly  r e t a in e d  more o f  
t h e  b lo o d  serum , I t  h a v in g  p r o b a b ly  become more f i x e d  
th a n  In  t h e  c a s e  o f  f r e s h  s t a i n s .
s u b j e c t i n g  b lo o d  s t a i n s  24 hours o ld  t o  w a ter  
a t  50^0 . f o r  from 15 m in u tes  t o  5  h o u r s ,  d id  n o t  p r e v e n t  
a p o s i t i v e  r e a c t i o n  b e in g  o b ta in e d .  The s t e e p i n g s  a l s o  
y i e l d e d  a s i m i l a r  r e a c t i o n .  B lood  s t a i n s  lo  weeks o ld  
y i e l d e d  s i m i l a r  r é s u l t é  but l e a s  b lo o d  p a sse d  In to  th e  
w a te r  I n  w hich  t h e y  were s t e e p e d .
B lood s t a i n s  12 weeks o ld  y i e l d e d  a p o s i t i v e  
r e a c t i o n  a f t e r  b o i l i n g  f o r  from 5 m in u tes  to  1 h o u r .
L ik e  r e s u l t s  were y i e l d e d  by th e  b o i l i n g s .  I t  would  
a p p ea r  t h a t  w h a tev er  e f f e c t  b e l l i n g  h as  upon th e  s t a i n s ,  
s u f f i c i e n t  b lo o d  serum I s  l e f t  i n  them t o  p erm it  o f  th e  
p r e c i p i t i n  t e s t  y i e l d i n g  a  p o s i t i v e  r e s u l t .  S im i la r  
t e s t s  c a r r ie d  out w ith  s t a i n s  24  hours o l d ,  f a i l e d  to  
y i e l d  p o s i t i v e  r e a c t i o n s .  I t  ap p ears  t h e r e f o r e  t h a t  
o l d e r  s t a i n s  become s u f f i c i e n t l y  f i x e d  to  r e t a i n  enough  
serum , even  a f t e r  b o i l i n g ,  t o  y i e l d  a p o s i t i v e  r e a c t i o n ,  
w hereas f r e s h  s t a i n s  a re  n e t  so  f i x e d  and q u ic k ly  g iv e
up t h e i r  b lo o d .
The a p p l i c a t i o n  o f  th e  p r e c i p i t i n  t e s t  I s  n o t
s a t i s f a c t o r y  when soap I s  p r e s e n t  In  th e  e x t r a c t s  o f  
t h e  s t a i n s ,  on a cco u n t  o f  th e  haze  c r e a te d  by I t ,  th e  
u n d e s i r a b i l i t y  o f  c o m p le te ly  rem oving th e  h a z e ,  and th e  
f a c t  , t h a t  oh th e  a d d i t i  on o f  any a n t i  serum t o  a soap  
s o l u t i o n  In  w hich  no b lood  serum i s  p r e s e n t ,  an In c rea se  
I n  th e  d e n s i t y  o f  t h e  haze I s  p rod u ced .
For m e d lo o - le g a l  p u r p o se s ,  th e  p r e c i p i t i n  
Î t e s t  may be a p p l ie d  w i th  s a f e t y ,  under p r a c t i c a l l y  a l l  
i c o n d i t i o n s ,  t h e  e x c e p t io n  o f  co u rse  b e in g  when th e  
b lo o d  serum has been  d e s tr o y e d  by any a g e n c y ,  g u c h , 
i among o t h e r s ,  a r e  e f f i c i e n t  scru b b in g  or  w ash ing o f  th e  
I s t a i n ,  c h a r r in g  or  exp osure  t o  h ea t  above 200^0. The
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b lo o d  serum I s  a  v e r y  s t a b l e  body and I s  n o t r e a d i l y  
a f f e o t e d  under o r d in a r y  o lr o u m s ta n o e s .
AS much o f  t h e  work r e c o r d e d  In  t h i s  w r i t i n g  
h a s  been  u n d erta k en  f o r  th e  f i r s t  t i me ,  I t  I s  hoped  
I t h a t  t h e  r e s u l t s  o b t a in e d ,  w i l l ,  by a m p l i f y in g  th e  
I s u b j e c t  from th e  m e d ic o - le g a l  a s p e c t ,  p rove o f  s e r v i c e  
j t o  t h o s e  whose work demands t h e  perform ance o f  th e  
I P r e c i p i t i n  T est  In  c r im in a l  c a s e s .
. .V 'f3 ' V) '' i;% ' / ' ': -
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The f o l l o w i n g  p h otograph s  d e p l e t i n g  th e  
I a b se n c e  and p r e s e n c e  o f  t h e  p r e c i p i t i n  r e a c t i o n  have  
I b e e n  appended, sc  t h a t  some p i c t o r i a l  c o n c e p t io n  o f  
I t h e  n a tu r e  o f  t h e  r e a c t i o n s  o b ta in e d  In  th e  ex p e r im e n ts  
j may be a v a i l a b l e .  The v e r y  g r e a t e s t  d i f f i c u l t y  was 
en c o u n te r e d  by th e  p h o to g r a p h er  In  t a k in g  t h e s e  
; p h o to g r a p h s ,  a t  th e  commencement, t h e  h ig h  l i g h t s  from  
i t h e  tu b e s  and t h e i r  su rro u n d in g s  masking t h e  Im portant  
; p o i n t s .  V ery p r o lo n g e d  and c a r e f u l  s tu d y  was g iv e n  
: b e f o r e  th e  f i r s t  s u c c e s s f u l  photographs were o b ta in e d .
; So f a r  a s  t h e  w r i t e r  I s  aware o n ly  v e r y  few p hotographs  
I o f  th e  p r e c i p i t i n  r e a c t i o n  a r e  a v a i l a b l e  and t h e s e  
I show th e  r e a c t i o n  w ith  low d i l u t i o n s  o f  b lo o d  serum.
I Most o f  th e  p h otograp h s h ere  s u b m itte d ,  show a
I
I p o s i t i v e  p r e c i p i t i n  r e a c t i o n  w i t h  d i l u t i o n s  o f  b lood  
i serum a s  h ig h  as  1 : 2 0 ,0 0 0 .
PHCTOGRâ PH n o . 1 .
prora l e f t  t o  r i g h t  d i l u t i o n s  1 : 1 ,0 0 0 , 1 : 5 .0 0 0 , 
1 : 1 0 ,0 0 0 ,  1 : 2 0 ,OOC o f  p h easan t  b lo o d  added to  Durham 
t u b e s ,  th e  amount v a r y in g  from è - f  o . o .  iVhen 3 drops  
o f  opal e s  Gent a n t i - h o r s e  serum were added t o  ea o h , an 
Immediate t u r b i d i t y  form ed . The photograph  was tak en  
h a l f  an hour a f t e r  th e  a d d i t io n  o f  th e  a n t i  serum. A 
f l o o o u l e n t  d e p o s i t  i s  n o t  p r e s e n t .  I t  i l l u s t r a t e s  th e  
o c n f u s io n  whioh may e x i s t  betw een such  a s im u la te d  
r e a c t i o n  and a t r u e  p o s i t i v e  p r e c i p i t i n  r e a c t i o n .  The 
t u r b i d i t y  i s  uniform  i n  a l l  d i l u t i o n s .  The dense c loud  
formed a lm o s t  Im m ed iate ly  th e  o p a le s c e n t  serum was 
a d d e d .
PHOTCG-R&PH NO. l a .
Normal s a l i n e  a f t e r  o p a l e s c e n t  a n t i  serum has  
b e e n  added.
Note haze  and d e p o s i t .
PHOTOGRAPH NO. lb
Normal s a l i n e  a f t e r  c l e a r  a n t i  serum has been
added .
The s o l u t i o n  I s  c l e a r ,  th e  shadow a t  th e  
t e r m i n a t i o n  o f  th e  tu bs  I s  n o t  d e p o s i t ,  but I s  due to  
r e f l e c t e d  l i g h t .
PHOTGG-RAPK KO. 2
prom l e f t  t o  r i g h t .
D i l u t i o n s  o f  Sheeps B lo o d , 1 :1 0 0 ,  1 : 1 ,0 0 0 ,  1 : 5 .0 0 0 ,  
1 : 1 0 ,0 0 0 , 1 :2 0 ,0 0 0 . î  o . o .  o f  e a c h .  3  drops f r e s h  
a n t i - p i g serum were added . Ko haze d ev e lo p ed  a f t e r  
4 è  h o u r s .  Kcte t h a t  Ko. 1 tu b e  c o n t a in in g  a d i l u t i o n  
o f  1:100  eD diib its  a dark shade due t o  th e  red c o lo u r  o f  
th e  s o l u t i o n .  T h is  d egree o f  c o lo u r  d im in is h e s  In  
tu b e s  2 - 4 .  K cte c o n t r a s t  betw een p r e v io u s  photographs  
and t h i s  o n e , th e r e  b e in g  In  t h i s  c a se  no s u g g e s t io n  o f  
c lo u d in g  or  h a z e .
PHOTOGRAPH NO. 3
II-
L e f t . E i g h t .
1 , 2 , 3 , 4 ,  5 .
D i l u t i o n s  o f  m aternal  
b lo o d ,  1 : 1 0 0 , 1 : 1 , 0 0 0 , 
1 : 5 ,0 0 0 , 1 : 1 0 ,0 0 0 ,
1 :2 0  ,0 0 0 .
A nti-hum an serum added .  
Note oopi ous f l o o o u l e n t  
d e p o s i t  i n  tu b e  1 , and 
o lo u d s  and d e p o s i t  in  
tu b e s  2 - 4 ,
Photographs  were ta k en  & 
hour a f t e r  th e  a n t i  serum 
was a d d e d .
D ryers  tu b e s  were u s e d .  
 L  _______________________
1 , 2 ,  3 , 4 ,  5 .
D i l u t i o n s  o f  m aternal  
b lo o d ,  1 : 1 0 0 , 1 : 1 ,0 0 0 , 
1 :5 ,0 0 0 , 1 : 1 0 ,0 0 0 ,
1 : 2 0  , 0 0 0  .
Note th e  t y p i c a l  r e ­
a c t i o n s  i n  a l l .
Durhams tu b e s  u se d .
PHOTOGRAPH NO. 4 .'
I J U :
To t h e  l e f t  o f  t h e  photograph tu b e s  1-5 c o n t a in  
s ta n d a rd  d i l u t i o n s  o f  human b lo o d  added to  long t h i n  
t u b e s .  To t h e  r i g h t  o f  t h e  photograph ,  tu b e s  1-5 c o n t a i n| 
f o e t a l  b lo o d  i n  s tandard  d i l u t i o n s .  3 drops o f  a n t i -  
human serum have been added t o  a l l  t u b e s .  Photograph was 
t a k e n  ^  hour a f t e r  th e  a d d i t i o n  o f  th e  a n t i  serum. I t  
s h o u ld  be n o ted  t h a t  th e  use  o f  t h e  lo n g  t h i n  tube f o r  
p h o to g r a p h ic  purposes  i s  not  so e f f e c t i v e  a s  the  s h o r t e r  
and t h i c k e r  t u b e ,  on a cco u n t  o f  th e  former i n c r e a s i n g  
t h e  h i g h  l i g h t s .  Tubes I L e f t  and iR ig h t  show the  
fo r m a t io n  o f  t h e  f l o o o u l e n t  d e p o s i t  i n  an e f f i c i e n t  
manner.
PHOTOGRAPH KO. 5
H i I
111
L e f t  . Ri g h t .
Standard s o l u t i o n s  o f  ox  
b lo o d  and 3 drops o f  a n t i -  
ox serum, t i t r e  1 : 2 0 , 0 0 0 .  
A l l  were p o s i t i v e  a f t e r  20 
î i i ins.  mhe photograph was 
ta k e n  24- hours  a f t e r .
Note t h e  r i n g s  o f  haze i n  
t h e  uppermost  p o r t i o n s  o f  
t h e  t u b e , due t o  oommenc- 
i n g  b a c t e r i a l  a c t i o n .
Tubes 1 and 2 show th e  
f l o o o u l e n t  d e p o s i t  w e l l .
Standard s o l u t i o n s  o f  ox  
b lo o d  and 3 drops o f  a n t i -  
ox serum, t i t r e  1 : 2 0 ,0 0 0 -  
A l l  were p o s i t i v e  a f t e r  20 
m in s .  The photograph was 
ta k e n  24 hours  a f t e r .
There i s  a haze i n  the  
uppermost p o r t i o n s  o f  
t u b e s ,  due t o  commencing 
b a c t e r i a l  a c t i o n .
PHC.TCGRAPH NO, 6 .
rtl
L e f t  . R 1 g h t .
Human b lood  In  d i l u t i o n s  
o f  1 : 1 0 0 ,  1 : 1 , 0 0 0 ,  1 : 5 ,0 0 0 ,  
1 : 2 0 ,0 0 0  and 5 drops o f  
ant i-hum an serum. The 
d e p o s i t s  are  w e l l  s e e n  i n  
t h e s e  p h o to g r a p h s . The 
photograph was ta k en  24  
hours a f t e r .  Note th e  
h a z e s  i n  t u b e s  1, 2 ,  3 ,  
due t o  b a c t e r i a l  a c t i o n .
P i g ' s  b lo o d  i n  d i l u t i o n s  
1 : 1 0 0 , 1 : 1 ,0 0 0 , 1 :5 ,0 0 0 ,
1 : 1 0 , 0 0 0 , ' 1 : 2 0 , 0 0 0  + 5 
drops o f  a n t i - p i g  serum.  
No. 1 tu b e  i s  dark,  due to  
th e  deep c o lo u r  o f  the  
b lo o d  s o l u t i o n .  D e p o s i t s  
a r e  shown i n  a l l  th e  
t u b e s .  Hazes are  p r e s e n t  
i n  t h e  upper p o r t i o n s  o f  
t u b e s , 2 , 3 ,  4 ,  5 ,  due to  
b a c t e r i a l  a c t i o n .  
Photograph ta k en  24 hours  
a f t e r .
PHOTCGRAPH KO. 7
M icroscope s l i d e  t r o u g h s ,  prom l e f t  t o  r i g h t  1 :1 0 0 ,  
1 : 1 , 0 0 0 ,  1 : 5 .0 0 0  d i l u t i o n s  o f  maternal  b l o o d ,  t o  which  
3 - 4  drops  o f  a n t i  serum have been  added .  The photograph  
was ta k en  1 hour a f t e r  th e  a d d i t i o n  o f  a n t i  serum. Note 
In  frame 1 t h a t  th e  g r e e n i s h  c o l o u r  o f  th e  p l a s t i c e n e  
throws a h ig h  l i g h t ,  th e  same i s  s ee n  on th e  f a r  s id e  o f  
tube  2 ,  and i n  tube  3* Note th e  haze on th e  g l a s s e s  
above t h e  column o f  t h e  f l u i d ,  due t o  w e t t i n g  and drying.  
The c lou d s  and d e p o s i t s  ca n ,  however ,  be s e e n .
M icroscope  s l i d e  t r o u g h s .  Frames,  1,  2 ,  3» c o n ta in  
d i l u t i o n s  o f  1 : 1 0 c ,  1 : 1 , 0 0 1 ,  1 :5 ,0 0 0  o f  f o e t a l  b lood  and 
2 drops ant i-hum an serum, t i t r e  1 : 2 0 ,0 ^ 0 .  The 
photograph was ta k e n  i  hour a f t e r .  Note th e  haze above  
t h e  l e v e l  o f  t h e  f l u i d  i n  frame 1,  due t o  th e  dry ing  o f  
t h e  l i q u i d  m a t e r i a l  on th e  o u t e r  s i d e s -  F lo  co u len t  
d e p o s i t s  and h a z e s  can be s e en  i n  a l l .
PHOTOGRAPH NO. 9
MlorQSOQpe s l i d e  t r o u g h s .  The t h i c k e r  g l a s s  seems to.  
show th e  c lo u d s  more d e f i n i t e l y .  Photograph was taken |  
an hour a f t e r  th e  a d d i t i o n  o f  th e  anti-hum an serum ,  
t i t r e  1 : 2 0 ,0 0 0 .  D i l u t i o n s  o f  1 : 5 ,0 0 0 ,  1 :1 0 ,0 0 0  and 
1 : 2 0 ,0 0 0  o f  m atern a l b lo o d  were u s e d .
IPHOTOGRrfPH NO. lO .
1 :1 0 0  f o e t a l  b lo a d ,  12 weeks o l d ,  t r e a t e d  w ith  
1 drop o f  an ti-hum an serum, t i t r e  1 :2 0 ,0 0 0  . The c o n tr o l  
on t h e  l e f t  i s  normal s a l i n e  and 1 drop anti-hum an  
serum . Note th e  c lo u d  i n  th e  r i g h t  c a p i l l a r y  tube and 
f l o o o u l e n t  d e p o s i t  a t  th e  base  o f  th e  t u b e .  A lso  n o te  
th e  p l a s t i c e n e  p lu g s  a t  th e  low er t e r m in a t io n s  o f  th e  
c a p i l l a r y  t u b e s -  The photograph was ta k e n  a f t e r  24 
h o u r s .
PHOTOGRAPH NO. 1 1 .
1:100 human b lo o d  t r e a t e d  w i t h  2 drops o f  
a nt i -hum an serum. The photograph  was ta k en  a f t e r  24 
h o u r s .  The o cv er  s l i p  t r o u g h  v/as u s e d .  Note th e  haze  
In  t h e  f l u i d  and t h e  f l o o o u l e n t  d e p o s i t .  The haze  
above t h e  f l u i d  l e v e l  i s  due t o  th e  dry in g  o f  th e  f l u i d  
on t h e  i n n e r  a s p e c t s  o f  th e  c o v e r  s l i p s .
PHOTOGRAPH NO. 12.1
1:100 p i g ' s  b lo o d  -i- 2 drops o f  a n t i - p i g  serum.  
The photograph was t a k e n  a f t e r  24 h o u r s .  The c o v e r  s l i p  
method was u s e d .  Note th e  haze i n  th e  f l u i d  and th e  
f l o o o u l e n t  d e p o s i t .  The haze above th e  f l u i d  l e v e l  i s  • 
due t o  t h e  d ry in g  o f  th e  f l u i d  on th e  in n e r  a s p e c t s  o f  
th e  c o v e r  s l i p s .  B la c k  wax frames were employed.  Less  
r e f l e c t e d  l i g h t  i s  shown.
PHOTOCrRAl^ K NO. 13.
V7assermann t u b e s  were u s e d .  1:500 ex1:raot  
from human b lo o d  s t a i n  w i t h  a d d i t i o n  o f  4 drops o f  a n t i - |  
human serum.
Tube 1 i s  d a r k , due t o  t h e  c o l o u r  o f  th e  f l u i d .  The 
c l o u d  i s  o b sc u r e d ,  but th e  d e p o s i t  can be f a i n t l y  s e e n .
1 :1 ,0 0 0  e x t r a c t  from human b lo o d  s t a i n  w i th  
a d d i t i o n  o f  4 drops o f  ant i-hum an serum.
Tube 2 . The c lo u d  i s  a l s o  obscured  by th e  c o lo u r  o f  th e  
f l u i d ,  but th e  d e p o s i t  i s  f a i n t l y  s e e n .
1 : 3 ,0 0 0  e x t r a c t  from human b lood  s t a i n  w i t h  
t h e  a d d i t i o n  o f  4 drops o f  a n t i - o x  serum.
Tube 3 • Ne g a t  i v e  .
Normal s a l i n e  + 4  drops o f  ant i-human serum,  
^ube 4 . N e g a t i v e ,  showing a n t i s e r u m  was i n  good condi­
t i o n .
PHOTOGRAPH NO. 14
p x t r a o t  from human s k u l l  bone w ith  the  
a d d i t i o n  o f  anti-human serum. Note the f l o o o u l e n t  
d e p o s i t ,  a l s o  th e  dense haze i n  the  upper p o r t io n  o f  
t h e  t u b e ,  due t o  b a c t e r i a l  a c t i o n ,  the  specimen having  
t o  be h e l d  over f o r  72 hours p r i o r  to  photographing.
PHOTOGRAPH NO. l b .
m
law#
p x t r a o t  from human s k u l l  bone w i th  a d d i t i o n  
o f  a n t i - p i g  serum. Note th e  ab sence  o f  d e p o s i t ,  but 
c o p io u s  haze i n  th e  upper p a r t  o f  the  tu b e ,  f o r  the  
above r e a s o n .  A  n e g a t iv e  r e s u l t  afte^*^^Q^ i^Q^^^^
PHOTOGRAPH NO. 10
Tube 1 . PQual m ixture o f  d i l u t i o n s  o f  human and p1g 
b l o o d s ,  w i th  th e  a d d i t i o n  o f  2 drops o f  a n t i - p i g  serum. 
rpube 2 . As i n  tu b e  1 but 2 drops o f  anti-hum an serum 
were added .
Tube 3 . AS in  tu b e  1 but 2 drops o f  a n t i - o x  serum were 
a d d e d .
Tube 4 .  D i l u t i o n  o f  1 : lOC o f  p ig  b lo o d ,  t o  whi oh 2 
drops o f  a n t i - p i g  serum were added.
Tube 5 . AS i n  tu b e  4 ,  but 2 drops o f  anti-hum an serum 
were added .
Tube 6 . D i l u t i o n  o f  1 : lOC o f  human b lo o d ,  t o  which 2 
drops o f  a n t i - p i g  serum were added .
Tube 7 . As in  tube  6 , but 2 drops o f  anti-human serum 
were added .
The r e s u l t s  a re  not s a t i s f a c t o r y  owing to  the  
dark c o lo u r  o f  th e  l i q u i d s ,  and th e  incom plete  
e l i m i n a t i o n  o f  h ig h  l i g h t s  which a re  v e r y  d i f f i c u l t  to  
a v o id  i n  p h o to g ra p h in g  sm a ll  g l a s s  t u b e s .  The tu bes  
re a d  from  l e f t  t o  r i g h t .  A d e f i n i t e  d e p o s i t  can be 
s e e n  i n  tu b e s  4  and 7*
PHC'TüCtRAPH n o . 17
r
'T’u’bes 1-3 are  n e g a t iv e .  Tubes 4 -6  show a 
marked o lo u d .  Tubes 7-9 were n e g a t iv e ,  but in  the  
p h otograph  owing t o  h igh  l i g h t s  a p o s i t i v e  r e a c t io n  Is  
s im u la te d .  In  r e a l i t y  t h i s  was not s o .  Tubes lO-ljL 
a r e  p o s i t i v e ,  but th e r e  was i n s u f f i c i e n t  tra n sm itted  
l i g h t  t o  show them up w e l l  in  th e  photograph. These 
p hotograph s a re  n ot regarded a s  b e in g  s a t i s f a c t o r y ,  but 
cn t a k in g  a photograph o f  sm a ll  suspended tu b e s ,  i t  i's 
v e r y  d i f f i c u l t  t o  o b ta in  a s u i t a b le  and even ly  
d i s t r i b u t e d  l i g h t .  The photograph was taken a f t e r  24 
hours .
U"KOTQCtRA.PH n o . i s l
te»-'-
E x tr a c t  o f  human b le e d  s t a i n ,  14 weeks o l d,  
frem cl  e t h  b o i l e d  f o r  i  hour,  t r e a t e d  w ith  3 drops 
_ant i-human se rum , t i t r e  1 : 2 0 ,qqc .
PHOTOGRAPH NO. 19.
As a b o v e ,  but s t a i n  was b o i le d  fo r  1 hour
PHC.TOCfRAJ^ H NO. 20
prom l e f t  t c  r i g h t .  The b a i l in g s  o f  s ta in s  
numbered 8 , 10 , 11 and 1 2 . photograph was taken 24 
hours a f t e r  the  a d d i t io n  o f  2 drops o f  human an ti serum 
T i t r e  1 : 2 0 ,0 0 0 .  The b lood  s t a i n s  had been b o i le d  in  
th e  above soapy w aters  f o r  40 m in u tes ,  bO m inutes ,  
bb m in u te s ,  and 1 hour r e s p e c t i v e l y .
PHOTOGRAPH NO. 2 1 .
PHOTOGRAPH NO. 22 .
Prom l e f t  t o  r i g h t .  The r e s u l t s  o f  the  
p r e c i p i t i n  t e s t  a p p l ie d  t c  th e  b o i l i n g s  o f  s t a in s  
numbered 6 ,  9 and 12. Note th e  p o s i t i v e  r e a c t io n s .  
F lo o o u le n t  d e p o s i t s  are  p r e s e n t .  Photograph was taken  
24 hours a f t e r .  The b lood  s t a i n s  had been b o i le d  in  
t h e  above w a te r s  f o r  30 m in u tes ,  43 m inutes and 60 . 
m in u tes  r e s p e c t i v e l y .
PHOTOGRAPH NO. 2 3 .
i
Tube 1 . 
ex p osed  
Tube 2 .
prom l e f t  to  r i  g h t .
E x tr a c t  o f  human b lood  serum from a s t a i n  
t o  a tem perature o f  130^0. f o r  1  ^ h o u rs .
E x tr a c t  o f  human b lood  serum from a s t a in  
to  a tem perature o f  140^0. f o r  l i  h o u r s .
E x tr a c t  o f  human b lo o d  serum from a s t a i n  
t o  a tem perature o f  1 5 0 °0 .  f o r  ^ hour.
E x tr a c t  o f  human b lood  serum from a s t a i n  
t o  a tem perature  o f  l 6 o ° 0 . f o r  hour.
A l l  show p o s i t i v e  r e a c t io n s  a f t e r  the  a d d it io n ]  
o f  anti-hum an serum.
ex p o sed
Tube 5
Tube 4
exp osed
PHOTOGRAPH NO.- 24
N
prom l e f t  t c  r i g h t .
Tube 1 . E x tr a c t  c f  human b lo o d  serum from a s t a i n  which  
was exp osed  t c  a tem perature o f  lOO^O* and r a i s e d  to  a 
tem p era tu re  o f  l 6c°C .
Tube 2 . As i n  tube 1 , but s t a i n  was exposed to  a 
tem p era tu re  o f  l O C . and r a is e d  t o  a tem perature o f
1 7 (0 0 .
Tube 3 .  As in  tu be  1, but s t a i n  was exposed  to  a 
tem p era tu re  o f  lOCOQ. and r a i s e d  to  a tem perature o f  
180.00 .
Tube 4 . As i n  tu b e  1, but s t a i n  was exposed  t c  a 
tem p era tu re  o f  iC fO o . and r a i s e d  to  a tem perature o f  
2 o c 0 o .
A l l  show p o s i t i v e  r e a c t io n s  a f t e r  th e  a d d i t io n  
c f  an ti-hum an serum.
B I B  L I 0 G R A p H y
Bi I B L I 0 g  R A P H T  .
(1 )  HAUSER, g .  : Ueber e l n l g e  Erfahrungen b e i Anwendung
d er  s e r o - d ia g n o s t l s o h e n  Methode f ü r  g e r l o h t l 1ohe 
B lu tu n te r su o h im g e n . Münohener med. Wooh., 1904,  
2 8 9 .  V ide  a l s o  S u th e r la n d ,  W .D., B lood S t a in s  
1907 , 1 3 3 .
( 2 )  GRAHAM-SMI TH and p .  SANGER: The B l p l c g l o a l  or
P r e c i p i t i n  T est  f o r  B lood  c o n s id e r e d  m ain ly  from 
I t s  M edico-L egal A s p e c t .  Journal o f  H yg ien e . 5.
1 9 0 3 , 2 5 9 .
( 3 ) NUTTALL cn B lood  Immunity and B lood  R e la t io n s h ip .
The P r e c i p i t i n  T est f o r  B lood  1904, 4 1 0 .
(4 )  KRAUS: U eber d ie  d la g n o s t l s o h e  V e r w e r tb a r k e lt  der
s p e z l f l s o h e n  N le d e r sc h l& g e .  Wiener k i l n .  Wooh. , 
19 01 , 6 9 3 .
( 5 )  GENGOU, 0 . :  Sur l e s  s e n s i b i l i s a t r i c e s  des serums
a c t i f s  c o n tr e  l e s  su b s ta n c e s  a lb u m ln o ld e s . Ann. 
I n s t .  P a s t e u r ,  1 902 , 7 34 .
( 6 ) TCHISTOVITGH , TH.: E tudes su r  l ' im m u n is a t io n  con tre
l e  sérum d ' a n g u i l l e s .  Ann. I n s t .  P a s t e u r ,  1899 ,
■ 4 q6 .
( 7 ) NUTTALL on B lood  Immunity and B lood  R e la t io n s h ip .
! The P r e c i p i t i n  T est  f o r  B lood  1 9 0 4 ,  214 e t  s e q .
1(8) UHLENHUTH, P . :  ( 7 .1 1 .1 9 0 1 )  , E lne  Methode zu r
U n terso h e id u n g  der v e r s o h ie d e n e n  B lu t a r t e n ,  im 
j b eso n d er en  zum D l f f e r e n t i a l d i a g n c s t i s o h e n
N aohw eise d es  M ensohenblu tes  . D eu tsch e  med.
I W oChensohr., J a h r g .  x x v l l , p p .  8 2 - 8 3 .
( 9 ) WASSERMANN (and 80HUT%E, A . ) ,  ( 1 8 . l l . 1 9 0 l ) .  Ueber  
i e ln e  neue f o r e n s i s c h e  Methode zu r  U n tersoh eid u n g
vo n  M enschen- und T i e r b l u t . B e r l i n e r  k l i n .  
W oohenschr. ,  J a h r g .  x x x v i i i , p p .  I 8 7 - 1 9 0 .
(ilO) UHLENHUTH, P . :  (25  .v i  1 .1901) , W eitere  M lt te i  lungen
I
I ü b er  d ie  p r a k t ls o h e  Anwendung m einer  f o r e n s i s o h e n
i
1 Methode zum Naohwels von  M enschen- und T h ie r b lu t .
D eu tsch e  med. W o ch en sch r . , J a h r g .  x x v l i , p p .
4 9 9 - 5 0 1 .
11) /
(11 )  BHRLICH, P .  ( 2 2 .1 1 1 .1 9 0 0 )  Oroonian L ecture to  the
Royal S o c i e t y ,  London.
(1 2 )  SUTHERLAND, W. D .:  "Blood S t a in s " ,  1907, 133.
( 13) UHLENHUTH ( 2 5 . l v . 1 9 0 l )  , W eltere M ltth e ilu n g en  über
mai ne Methode zum Naohwels se  von Mens ohenb l u t . 
D eu tsch e  med. W ochensohr., Jah rg . x x v i l  , pp .  
2 6 0 - 2 6 1 .
(1 4 )  NUTTALL on B lood  Immunity and Blood R e la t io n s h ip .
The P r e c i p i t i n  T est f o r  Blood 1904, 6 4 .
( 1 5 ) NUTTALL on B lood  Immunity and Blood R e la t io n s h ip .
The P r e c i p i t i n  Test fo r  Blood 1904, 144.
( 16 ) NUTTALL on Blood Immunity and Blood R e la t io n s h ip .
The P r e c i p i t i n  Test f o r  Blood 1904, 6 7 .
( 17) HAUSER, G. : Ueber e i n i g e  Erfahrungen bei Anwendung
der s e r o -d ia g n o s t i s o h e n  Methode fü r  g e r io h t l i c h e  
1 Blu tu n te r su o h u n g e n . Münohener med. Wooh., 1904,
I  289.
I (1 8 )  F o r e n s ic  C hem istry . A. Lucas, 1921, 3 6 e t  s e q .
I ( 1 9 ) HAUSER, G. : Ueber e in ig e  Erfahrungen bei Anwendung
I d er  s e r o —d ia g n o s t lso h e n  Methode f ü r  g e r io h t l i c h e
I
B lu tu n tersu oh u n gen . Münohener med. Wooh., 1904,
I 2 8 9 .
I ( 2 0 ) KISTER, J .  and WOLFE , H . (1 8 .  xi . 1902): Zur
I Anwendbarkeit der s e r o d ia g n o s t ls o h e n
I B lu tp r ü fu n g s v e r fa h r e n s . Z e i t s o h r .  f .  H ygiene, Bd
I  XLI. p p . 4 1 0 - 4 2 6 ; a l s o  Z e i t s o h r i f t  f .  M ed ic in a l-
! beam te, 1902, No. v i i  , 213*
I (2 1 )  UHLENHUTH and BEUMER: P r a k tlso h e  A n le itu n g  zur  
I  g e r lc h t s & r z t l io h e n  B lutuntersuohung m i t t e l s t  der
b l o l o g l s c h e n  Methode. Z schr . f . Med.-Beamte, 
1 9 0 3 , 185, 2 2 9 . Vide a l s o  S u th er la n d , Blood
S t a in s  1 9 0 7 , 1 1 7 .
(2 2 )  KRàlB : Ueber d ie  d la g n o s t l  sohe V erw ertb ark elt  der
s p e z l f l s o h e n  N1e d e r s o h ia g e . W1ener k i l n .  Wooh. ,
1 9 0 1 . 6 9 3 .
( 2 3 ) /
(2 3 )  WASSERMàiaT (and S0HU5Z3 , A . ) ,  ( 1 8 .1 1 .1 9 0 1 ) :  Ueber
e ln e  neue f o r e n s i s o h e  Methode zur U n terso h e id u n g  
von  Menschen und T h ie r b lu t .  B e r l i n e r  k l i n .  
W oohensohr., J a h r g . x x x v l i i ,  p p .  1 8 7 -1 9 0 .
(2 4 )  MYERS', W.: On immunity a g a in s t  p r o t e i d s .  L a n o e t ,
1900 , i l .  9 8 .
(2 5 )  HAIiBAN, J .  and LAKDSTBINTDR, K. (25  . I I I  .1902) ,
Ueber d ie  U n te r so h ie d e  des fO ta le n  und 
m ü tt e r l io h e n  B l u t s e rums und ü b er  e ln e  
a g g l u t i n a t i o n s -  und f&llungshemmende Wirkung des  
ITormalserums . München. med. W oohensohr., J a h r g .  
XLIX. p p . 4 7 3 - 4 7 6 .
( 2 6 ) NUTTALL on B lo cd  Immunity and B lood  R e la t io n s h ip .
The P r e c i p i t i n  T est  f o r  B lood  1 9 0 4 , 7 2 .
: ( 2 7 ) UHLENHUTH ( 1 1 .  IX . 1902) , P r a k t iso h e  B r g e b n is se  d er  
I f o r e n s i s o h e n  S e r o d ia g n o s t ik  des  B l u t e s .  D eu tsch e
med. W oohensohr. ,  J a h r g .  XXVIII. p p . 6 5 9 - 6 6 2 ,
6 7 9 - 6 8 I .
I (2 8 )  ROSTOSKI (1902 b) , Ueber den Werth p r & c ip i t in e  a l s  
Unt e r s o h e i  du n gsm ltt  e 1 f ü r  B iw e is s k b r p e r . 
i Münohener med. W oohensohr., J a h r g .  XLIX. No. 1 8 .
R e p r in t ,  3 p a g e s .
I ( 2 9 ) V. HANSEMANN; R ea k tio n  von B lu t p r & z ip i t ln e .
V e r h a n d l .  d .  p h y s i o l .  G r e s . B e r l i n ,  14 . l i . 0 4 .  
1 (30)  J .  MEYER (Münohener med. Wooh. , 1 9 0 4 ,  6 6 3 ) .
I ( 3 1 ) BIONDI ( 190 2 ) , B e i t r a g  zum Studium der b i o l c g i s o h e n
i Methode f ü r  d ie  s p e d  f i  sohe D ia g n o se  des B l u t e s .
I
I V i e r t e l j a h r e s s o h r . f .  g e r i o h t l .  Med. u .  b f f e n t l  .
I s a n l t& ts w e s e n ,  3 . P o lg e  , Bd. X X III .  S u p p lem en th eft
I p p .  1- 3 7 .
1(32) BEUMER ( 6 . x i l .  1 9 0 2 ) ,  D ie  Untersuohung von Menschen- 
I und Thlerknoohen a u f  b io lo g ls o h e m  Wege. Z e i t s o h r .
I  f . M ediolnalbeam te , H eft  x x l i i .  Repr. 4  p a g e s .
I (Read a t  Med. V e r e ln ,  Q r e ifsw a ld )  .
1 (3 3 ) /
(33 )  NUTTALL, G. H. P . (and DINKELSPIEL, E. M. ) ,  ( 1 .  VII
1 9 0 1 , 3 9 4 ]) , On t h e  fo r m a t io n  o f  s p e o l f l o  
a n t ib o d i e s  1n th e  b lo o d  f o l l o w i n g  upon tr e a tm e n t  
w it h  th e  s e r a  o f  d i f f e r e n t  a n im a ls ,  t o g e t h e r  w ith  
t h e i r  u se  in  l e g a l  m e d ic in e .  J o u m .  o f  H y g ien e ,
v o l .  I . pp . 3 6 7 - 3 9 7 .
( 3 4 ) ZÎ3MKS , E . ( 1 7 . X . 1 9 0 1 ) ,  W eltere  M lt th e l lu n g e n
über  d ie  U n terso h e id u n g  von  Menschen und 
T h ie r b lu t  m it H i l f e  e i n e s  s p e o i f l s o h e n  Serums. 
D eu tsch e  med. ' W oohensohr. ,  J a h r g .  XXVII. pp.
7 3 1 - 7 3 3 .
( 3 5 ) STRUBE , G. ( 1 2 . V I .  1 9 0 2 ) ,  B eitr& ge zum Naohwels
von B lu t  und E iw e is s  a u f  b io lo g iso h e m  Wege. 
D eu tsch e  med. W oohensohr., J a h r g .  XXVIII, p p .  
4 2 5 -4 2 9 .
I ( 3 6 ) KISTER, J .  and WOLFF, H. ( 18 .XI .1902) , Zur
Anwendbarkeit der s e r o d ia g n o s t i s o h e n  B lu tp r ü fu n g s -  
■ v e r f a h r e n s . Z e i t s o h r .  f .  H y g ien e ,  Bd. XLI. p p .
4 1 0 -4 2 6 ;  a l s o  Z e i t s o h r i f t  f .  M ed io ln a lb ea m te ,
1 9 0 2 , No. VII , 2 1 3 .
! ( 3 7 ) LINOSSIER ( 2 5 . I I I .  1902 ) ,  s u r  l a  r ech erch e  m ed ioo-  
l e ^ l e  de l ' o r i g i n e  du sang  a l ' a i d e  des serums  
p r é c i p i t a n t s .  (A cad, de Med.) Semaine med. ,
Année XXII, 1 0 4 .
I ( 3 8 ) OKAMOTO ( X . 190 2 ) ,  U ntersuohungen ü b er  den  
I f o r e n s i  BOhprakbl sohen Werth der  seru m d la g n o st l  sdhen
M ethode, e t c .  V l e r t e l j a h r e s s o h r .  f . g e r i C h t l .
! M ed., v o l .  XXIV. p .  207 ( r e v ie w  i n  B lo ch em lso h es
G e n t r a l b l . ,  v o l .  I ,  2 9 ) .
I ( 3 9 ) NUTTALL on B lood  Immunity and B lood  R e l a t i o n s h i p .
I The P r e c i p i t i n  T est  f o r  B lo o d  1 904 , 193-
1 (4 0 )  UHLENHUTH ( 2 5 . v l l .  1 9 o D  , W eitere  M itth e  1 lungen  
I ü b er  d ie  p r a k t is o h e  Anwendung m einer f o r e n s i  sohen
Methode zum Naohwels von  Mensohen- und T h ie r b lu t .
I D eu tsch e  med. W oohensohr. ,  J a h r g .  XXVI1 I , p p .
4 9 9 - 5 0 1 .
i (4 1 )  KISTER, J .  and WOLFF, H. ( 1 8 .  x i  . 1902) , Zur
Anwendbarkeit d e r  s e r o d ia g n o s t i s o h e n  B lu tp r ü fu n g s -  
! v e r f a h r e n s . /
v e r f a h r e n s .  Z e i t s o h r .  f .  H y g ien e ,  Bd. XLI, pp .  
4 1 0 -4 2 6 ;  a l s o  Z e i t s o h r i f t  f .  M ed io ln a lb ea m te ,
1902 , No . V I I , 2 1 3 .
(4 2 )  TCHISTGVITCH, Th. ( v . 1 8 9 9 ) ,  E tu d es  su r  1 'Immunisa­
t i o n  c o n tr e  l e  sérum d ' a n g u i l l e s .  Ann. de 1 ' I n s t .  
P a s t e u r ,  v o l .  X I I I ,  p p . 4o6-42_5.
( 4 3 ) LINOSSIER, Ct. and LBMOINE , G. H. : Sur q u e lq u es
I c o n d i t io n s  de 1 ' a c t i o n  d es  serums p r é c i p i t a n t s .
s ( 2 1 . 1 1 1 . 1 9 0 2 ) ,  p . p .  3 2 0 - 3 2 2 .
I (4 4 )  ROSTOSKI ( 1 9 0 2 ) ;  Zur K en n tn lss  der P r â o l p l t l n e .
V e r h a n d l .  d er  P h y s .—Med. G e s e l l s o h .  zu Würzburg, 
N. P .  Bd. XXXV, p p .  15 - 6 5 ; and (1902)  Ueber den  
Werth der  P r â o l p i t i n e  a l s  U n te r s o h e id u n g s m lt te l  
f ü r  E lw e ls s k b r p e r .  Münohener med. W oohensohr.,  
i  J a h r g .  XLIX. No. 1 8 .  R e p r in t ,  3 p a g e s ,
i ( 4 5 ) DI MATTEI : A z i one d e g l i  o s s id a n t i  e dei r id u o e n t l
s u l  sangue In  rap p orto  a l l a  r e a z lo n e  001  metodo 
b i û l o g l o o .  G l c m .  dl med. l e g . ,  1 9 0 4 ,  2 5 2 .
! ( 4 6 ) GRAHAM-SMITH and SANGER: The B i o l o g i c a l  or
! P r e c i p i t i n  T est  f o r  B lood  c o n s id e r e d  m a in ly  from
I t s  M edloo—L eg a l A s p e o t . I b i d . ,  2 5 8 .  
i ( 4 7 ) VINCENT, H .: Le d i a g n o s t i c  m e d l o o - l e g a l .
I A ppl1 o a t i  on de l a  methode b i o l o g i q u e .  Ann.
i d ' h y g ié n e , 1 9 0 4 , 4 4 .
I (4 8 )  FERRAI , C . : S u l l a  d la g n o s i  s p e o i f l o a  d e l  sangue
c o l  metodo b i o l o g i  00 i n  m ed io in a  l e g a l e .  B o l l .
R.  a o o a d . dl med di Genova, 1901 , 2 7 2 .
I ( 4 9 ) BIONDI : B e i t r a g  zum Studlurn der  b l o l o g l s c h e n
I  Methode f ü r  d ie  s p e z l f i s c h e  D iagn ose  des  B l u t e s .
I V l e r t e l j .  f . g e r .  Med. u .  G f f e n t l . s a n l t â t s w e s e n ,
I 3 . F o l g e ,  Bd. XXI I I .  1 9 0 2 , S u p p l.  1 .  P P - 1 - 3 7 .
i ( 5 0 ) MIRTO, D .:  Sul v a lo r e  d e l  metodo b i o l o g i c o  p e r  la
d la g n o s i  s p e c i f i o a  d e l  sangue n e l l e  v a r i e  
c o n t in g e n z e  d e l l a  p r a o t lo a  m e d i o o - l e g a l e .
Rlforma m edlca No. 2 2 2 —2 2 3 ,  1 901 , 855 , 8 6 6 .
( 5 1 ) /
( 5 1 ) UHLEIîHÜTH ( 2 5 . i v . 1 9 0 1 ) ,  IVeltere M lttheJ  lungen
lib er  m slne  Methode zum Kaohwelse  von  Mensohenblut  
D e u tsch e  med. Moohensohr. ,  J a h r g .  XXVII, p p .
2 6 0 - 2 6 1 .
( 5 2 )  NUTTALL on B lood  Immunity and B lood  R e l a t i o n s h i p .
The P r e c i p i t i n  T est  f o r  B lood  1 9 0 4 ,  3 8 5 .
; (53 )  BIONDI : B e i t r a g  zum s tu d l urn der  b l o l o g l s c h e n
I M ethode fü r  d ie  s p e z l f i s c h e  D iagn ose  des  B l u t e s .
V l e r t e l j .  f . g e r .  Med. , 1902 , S u p p l .  I .
I ( 5 4 ) GRAHAM-SMITH and F.  SAKGBR: The B i o l o g i c a l  or
I p r e c i p i t i n  T es t  f o r  B lo o d  c o n s id e r e d  m a in ly  from
I I t s  M ed ico-L ega l A s p e c t .  Jou rn al o f  H y g ie n e ,
v o l .  I l l . No.  2 ,  1903.
